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rr-e. R Mi (Ci-Cxo) r/u^/v. em (c^-Cio) r/w^yu. (C2~c 

e) T Jl^ ^ /i^ . (C 2-- C e) ryix<!r^/W. Z7ai^/w; Ce (R') s. (Ci~ 

Cs) rju:^ju (rM 4) s (Ci-Cs) T/i-^ju (C6H4OZ) . trn/w 

- b^>^7^yW;5^b^^^tL ; RNig^|IISST*fe!9 ; ^ti-iett(7)R'5.i;^ 
RMI. ^iAlLTH. (Cj—Ce) T/U^r/U. (Ci—Ce) T/U^^v^, /^n ( 

C 1 — C 6 ) T . t K a ar n ( C 1 ~ C e ) T /l- ^ ^ t>* y> n ( C 1 — C « ) 

T>'U='^i/;&^^3lW^tb^n-en<DRNi?*:^LLTR'jStU^OH;6^ib3^ ; ^ ti "6 ^ 

COR'RXfRU^n^i^XUXnF^^hm^^tl^ ; ^tv-^ti(7)R''S.tJ^R'°fi34iAZ:bT 20 
H. F. CH3. CF3. CHF2RnCHzP:^>hm^^tl;ia=0^^h2X-hy) ; R 

— n^ m=ox«i-efe54i'g^<D2Ky-^--efcSo p = oxfii, ^t;^ 

[ 0 0 6 1 ] 
[ 0 0 6 2 ] 

o m X-it ^ ^ I I l(D^y^ — : I I ^5 99 : : 9 9(Di£M<DttmX^ 

.^^tt#5o ^I25.U^I I lO^y-^ — til : I I 1:^5 99 : : 9 9 <D^M <0 it 

mx-^m ^ ttn ^ o ^ v - m y :t h ^ - mm. ^ ^ \^ :i6 x i& m ^ ^ t 

0 % ^ 5 <7) ;ei5 if ^ L o 
[ 0 0 6 3 ] 

:^^m(Omm^^:^V-^ — l-t. AS«JtC|15OO3!i^f>200. OOO^/UhXD^^m^ 
^U.»*U<li 1000 ^100, OOOi5^>'i'h:/(7>45'^S^^ri-:5o 
[ 0 0 6 4 ] 

^^-g'W^y-^e-^'g'tPw^dJT'^^o 2J[^_b(^^^-g'^7Ky-7-;65^ffi^tl,^i:#. ^i;^ 

fj:< ^t3-ofi. ^^^oa^^-g'W^y-v'-T-fc^o ?^^9o^^-g-:i-7Ky-^-fi. «^(7) 
mm^^^V-^ — Xi'±^^m<Dn^V^ — x$y^o rt^ipicur. 7Ky^-o:/u:/K{i 
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:7 :i' Y t \^x \± : y< ^ t:^ ^ ^< ^ :y ^ > ^ o - 

:tf /v- ^< ^ ^ /u }^ ti ^ T ^ ^ O - :^ y< ^ ^ ^ ^ 5S=§Sl^/^7J^>^r^K. T 

r ' "7 ^ ^ ^ N - (2-TU/V^7^^/l/) T^K. TD — yl-rv^K'fi:^^. N-r 
y — /U7lNy^AT^K^U^4- v>tKt3t''yv?V:dS^if^tt^ 

, r ^ R5 ^ ^ tb , 
[ 0 0 6 7 ] 

^B»^tc;i-ffi7^^. :7;^-h^^^^jti^ :^M^f<3tcfi:^3 2 0;i^b4 2 0-:hy^-h/^T-fe6 

. ^(o^^x \>m-mx'h^ . ')tm.x^^^f\.xm.'^%^'r^^M.<r:>\\L^mx^^^ »m 

t)? a ^ jJ^ ^ /I- ^ ^ ^ ^ K ^ If ^ 6 o 

[ 0 0 6 8 ] 

4# }C ^ ffi y>> n >ft: h y T V? >- . u 7^ ^ /I- - s - h y T V ^ ^ -5 « $f M 

yNt3y>'>ft;^yTv?^^co0ytbTJi. 2- (1- (3, 4 - ^ ly :/ :^ ^ y ]) /u ) ) -4 
, 6-tf>^ (>yi5^t3n7«^/U) -1, 2, S-hyrv^^-, 2 - (1- (2, 3--<>' 
>^i^;^-ds^yy/^)) - 4. (hy>5^nDpf^yW) -1, 3, 5 - h V T >^ , 2 

- (1- (3, 4 - ^ >^ y Z> :^ ^ y V /l^) ) - 4, (hy:7'n^;^^yl^) -1, 

3. 5 - h V T 1^ ^ 2 - (1- (2, 3--<>-yv>;^aryy/u)) - 4, 6-hr>^(h 
y:;^cr^^^/i.) -1, 3. 5 - h V r ^ 2- (2-:7/i^>^.^'/wn=.^yv='>') -4, 
e-t"*;^ (fy^ni:i;;«^/u) -1, 3, s-hyrv^v-, 2 - (2 - (5-7?^7^':7y 
/u)^^y^>-) - 4, 6 - If ^ (hyi^an^^^/i.) 3, s-by^v^v. 2- 

(2- (4-y<^yi<:7y/^)^f^y7=^>') - 4, (hy^J^napf^/v) -1, 3 

, 5-hyrv^>-. 2 - (2 - (3-;^^/u:7y/^):3i^y^^:/) - 4, 6-tf;^(hy 
^ x:i m ^ ^ ^u) -1. 3, s-hyri;^^^. 2 - (2 - (4, 5->?p«^/U':7y/v)ai^ 

yT^>') - 4, e-}f::^(hVi!^uxnj^^/u) - l, 3, 5-hyrv?>-. 2 - (2 - ( 
5-p«f:3rv'>'y/V)^f^y^>') - 4, 6-e';=?.(hy^:^i=ici7f5^ylx) -1,'3, 5- 
h ]) T -i^ 1^ ^ 2 - (2 - i 4 - ^ h ^ iy y V /l^) ^ ^ V ^ :y ) - 4, 6-tf>^ (hy^n 

o^^/u) -1, 3, 5-hyrv^>-. 2- (2 - ( 3 - y h ^ y V ^i^) I) 9" :y ) 

-4. 6-tf;^(hy:^nnp(^/l.) -1, 3, 5 - h V T y^ , 2 - (2 - (4, 5- 

y h ^ y I) /i^) ^ V ) - 4, 6-tf>^.(hyi:7t3cip<^/u) -1, 3, 5 - h 
V T 1^ ^ 2- (2-v^/U77^/w^^y7^>') - 4, (Ny:/c2^^5^/^) -1 

. 3. 5-hyrv?>. 2 - (2 - (5-^^/i-:7y/u)iii^y7^>-) - 4, 6 - \f y. ( 
h V ^ ^ y yi^) -1, 3, 5-hyTt>:/, 2 - (2 - (4-;^^/^:7y/ix)zii^y 
- 4, 6-\^:^ih])z^x2^y^/i.) -1, 3, S-hyrv^^^. 2 - (2 - (3 
-^^/u>^y/u)3i^y7^>') - 4, 6-if^^(by:/t3^p<^/u) -i, 3, 5-hy 
T iy :y ^ 2 - (2 - (4, 5-v?p<h:3ei/r7y/u)3i5^y^v) - 4, 6-b"^><^ ( h V ^ 

-1, 3, 5-hyTv>>'. 2- (2 - (5-p<hdrv^:7y>/l.):3i^y7^>- 
) - 4, (fy>^ci^p«5^/^) -1. 3. 5-hyri^i^, 2 - (2 - (4-p< 

h^v-:7y/u)^^yv^v) -4, e - \f y. (hvy^i^y^yu) -1, 3, s-hyr 

>^>'. 2 - (2 - (S-^h^i/^^yyl^) :3i^y7=^>') - 4, 6-t:':?<. (hy>^C3^^^ 

/u) -1. 3, s - h V T iy ly ^ 2 - (2 - (4, 5 - y h ^ iy y D ju) ^ ^ }) :y) 

-4, 6-t";^(^y:/t3^y5^y^) -1, 3, 5-hyTi^V. 2, 4, 6-hy^- 
(hyi5^ai37(^/U) 1, 3. 5-hyTv?>, 2, 4, 6-hyx - (hy>^a^^^ 
1, 3. S-hyri^V, 2-:7ai::^/l--4, B-tT:^ (by:J^nD.?«^yU) -1, 
3. 5 ' h I) T iy ^ 2 - y ?V - A , i V ^ X2 ^ y ^ -1. 3, 5- 
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bUTv^V, 2 - (4-?^h^i^Z7:xu=L/U) - 4, 6-tf>^ (by^^nnpi^yU) -l, 

3, 5 - h ]) T :y ^ 2 - (4-y<h^i^y:i^=^jU) - 4, (hy:/n^;^^/U 
) -1, 3, 5-hyrv>V, 2 - { 1 - -r y ^ yU) - 4. 6-fc^>^(h];:^ac2;^^yU 

) -1. 3, 5 - h V T i^^iy ^ 2 - (i--^:7^>ru) -4, 6-tf;;^(hy:?^n^;^^/u 

) -1» 3, 5-hyTi^>, 2 - (4-^^arv--l--^:7^>rU') - 4, 6-tf>^ (h 
y^nci7«^/^) -1, 3, 5-hyTv^>', 2 - (4-;^faf>'-l--^:7^yU) - 4 
, 6 - }:f y^ { h V y ti ^ ;A ^ jU) -1. 3, 5-hyTv?^^. 2 - (4->^nn:7^^yU 

) - 4. 6-tr;;^(by:/D^p<5^/^) - i, 3, 5-hyTv^v, 2-;:^^y>rv-4, 

6-t:*;^(hy^nn^^7l.) -1, 3, 5 - h V T ^ 2->^^y/U-4, 6-h*>^ 

(hy:/a^p<^/u) -1, 3, 5-hyTv?:</. 2 - ( 4 - :^ h ^ y^ ^ y ) - 4 . 10 

6-tf:;^(hy:5^nD^^yU) - i. 3, S-fyTv^^-. 2 - ( 4 - >^ h ^ ^ ]) Jl^ 

) - 4. 6-lf;^(hy:::^a^7f'^y^) -1. 3, 5-NyTv?V, 2 - (3, 4, 5- 

h V h ^ y^ ^ V ^i-) - 4, 6-fc'::^(by->'nrn;^^yV) -1, 3, 5 - h V T \y 

. 2 - (3. 4, 5-by7^h^v';5<.5^y/u) - 4, (hy:/n^;^5^ylx) -1 

, 3, 5 ' h V T ^ 2 - (S-'i^uti-l-y^z^ju) - 4, 6-fcr>^(fy^nn 

y^yL') -1, 3, 5 - h V T Rrj 2 - (3'^auya^=iju) - 4, 6-tf>^ ( h 

V y VI ^ ^ ^ /u) -1, 3. 5-Nyr>^V^;as^lf^,H^o:^^^?^t:i^>^n^ftilc7)hyT 

i> ^ ^ zf y :t h mm^M\^ . :^mmm\cia\^^xm^m^n. #A^^^^*B#^m5, 3 

6 6. 8 4 6^JC:^V^TM^$t^.So 
[ 0 0 6 9 ] 

s - h V T :^ it^ ^ n . ^^m(0;>^^/i^-y^n^^ju- s - hyrv^:/<^$>^S<or/u 

. *H#rF||3, 9 5 4. 4 7 5-^:5.t;5l7;«7^^irv-#O0:*:{b^#S. ^4 2^. 2 9 2 

4~30M(l969^)^cBi^^t^.fc^lll^c^^^v^^^^^tb^#5o 

[ 0 0 7 0 1 

m^m^T=^7$->^t<o:i-z:^^Mm.i^^ ^mm(o y :t hmm±m t i.x <Dm.m \:l^\cBmx- 
^ ^ . m ^ T :t (D m t i^x i± . r.mf)^b^m<o^m:^}'±0^m. ^;tf^.r>'^^ 

>- . tf^-v-;^, t/w^^!>Jn. jj^/y-^A, -rvv^r^A, ^ ^ :y ^ ;v ^ ^ 

J>^ <r> m\t ^ %mmV^W, 4 , 442, 197-^;m4. 603, 101#;m4, 624, 

9 12-^lcM^^n.-?:(?:>§l^^^*:}a^'#BB. $tt. ::$:PJIffl#J^?fA^tb5o by^^ni^/U^^ 
;v ir^ ^ ^ -7 :^ u is^ y =^ ^ Y ^ (O ^^L^^^o 

[ 0 0 7 1 1 

*^?^o:7^ h®&^^^J<^ \^X^ mfa :^ A^^^^ \t:^ :^'T ^ =^ ^ \^ ^ Y 

^5fc^o ^3Si^cC^/i-^>^Yb:ii^^7^>'>i:UTfi:-<vy^>^hi/i/ — t - ^ jv y :x. ^ 

o ^t^^y^Ji^^^^it^y^^fVM,^ * *S » tc is V^ T # RS, ^ . If A ^ ^ journal 
of Photopolymer Science and Technology ^ 
Il4#. No. 4. 3337'-340M (1991#) l;l:^3V^Tgi^^^^•5o 
[ 0 0 7 2 1 

^ Y h \.X\t. ; 1 ( ( (by>'yi-:^-cry5=-/i-) 7. =^ jv) - IH-fa — yu- 

>-2, 3-i^:«7/l-2K^->>r5:K;N - ((^y:7/U;^l3>>«5^/^^/^J^^::z/^):^^i^) - 

5 - y /I- /l- ^ >^ ' 2 . 3 - > ^ K ; 1 - ( ( ( V ^) y x:i ^ ^ A^) y^ /u sO 
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/^cn/^):^^^^^) - 2, 5-t''t3!;v?Vi;^;^->-;3a, 4, 7, 7a--7^b^t:Ki3-2 

- ( ( i h V :7 /V' :t n pi ^ /u) :^ :^ /u) :^ ^ ) -4. 1 - :^ ^ / - lH--fy-f>- 
K — /l^- 1, 3 (2H) - :^ ^ 2- ( ( (fy:7yU;rap«^/W) :;^^r'> 

) -lH--<V^X(f)^y^>-K — 3 (2H) -i:;^^>';3. 4-e;?y5^/w- 

1- (((^y:7/l/::?^ap^^yl/);?^/^';^^z:lyl/):;r^i>') -IH-lfn — /V-2, 5-i;?:;d- 
2- ( ( (by:7/u::rn>^/V') ^/ujjsjz^yu) :^:^v') - iH--ry^>'K — /i-- 1 

, 3 (2H) -v?;r:/;2- (((hy:7y^;rnp<^/U)>^/U/Jsz:i/W);r:¥v^) -IH- 
^>'^'(y^)-fV^yyv-l, 3 (2H) -v?;r>^;4. 5, 6, 7--7"h^t:Kn- 

2- ( ( (hyy/l^::rn;?«5^/l/) j^r^riX) -lH--ry^>'K — /U-l, 3 
(2H) -S^::^->^;3a, 4, 7, 7a-^h^tKci-2 - (((hy^^/l-;^-!^^^*^/!- 10 

);^>rU7}Nr^/l-);r^v') -4, 7-3i^dev'-iH-^y^>'K — 3 (2H) - 

v^;^>'; 2. ( ( { Y ^) -y )V XI ^ jv^ ;vi^ z:^ ifsr ^ \y ^ - ^ :/ (i 

, 2-c:4, 5-c')v^t°n — 3, 5, 7 (2H, 6H) - ^ha^^;^;^?^ 

1^t:K^^-2, - (((hy:7/U^t37<5^7l.);^yU3}Hr:i/Ix);:^-df^->) -4, 9- 

y^y-lH-fcrt^r (4, 4-g)-ry:3eyy>--l, 3, 5, 7 (2H, 3aH, 6 
H) - ^hin^^;!, 8, 8-hy^5^/W-3- (((hy:7yU^uy^yU)>?./W7^^7U 
- 3- ri^*tf'>^^a (3. 2. l);d-i5'i$'^^-2, 4-v?:^>;4. 7-v?t: 
Ka - 2 - ( ( (by:7/l^;^n^^>'U) - 4, 7 - :3i7jf^v^- IH 

--fy-r^K — 3 (2H) -v?:^>';3- (l-^:7i$ru.-yv) - 4- :7::c:^>rW 

- 1 - ( ( ( h y :7 71- D ;^ ^ /V ) ;^ jjs ) ^ ) - i H - b" u — /I. - 2 , 5 - 20 
:<hV; 3, 4 -C^y^^yl^- 1 - ( ( (hy:7/^::^n;^^/W) ;?;/lx7}x^/W) ^T^v/) - 1 
H-fc^cr — /U-2, 5-i^;r>';5. 5'- (2. 2. 2-hy>'/U'::^-i3-l - (^y:7 
/^;^n37<^>'V') ^^y-T^'^-) tr';^ (2- ( ( (hy>^/l-::*-a^^/P) ;5^/W7}x^yV) 

) -lH--fy'<>'K-->'^-l, 3 (2H) -i^:^^^\'rY'7\iYxi-A - (((hy>' 
/1.;^-t:7;;«^/1-) 7^ jV z:^ ) :^ ^ ') -2, 6-pf^5?y-2H-::r^i/Uy (f) ^ y ^ 
>'K — 5 (laH, 4H) -v^^>;5, 5'-;^^v'l:f,x-2 - (((hy:7 

/P':rop<^/l') >^/V2^;:=i/W) - lH->ry-r>'K — 1. 3 (2H) -v^^V 

; 4 -pi^/P- 2- ( ( (hy:7/U'::rDp<^/l.) ^^^L^tJn^/U) Hr ^ ) - lH--fy-t'>- 
K — 3 (2H) -i^;^>';3. 3, 4, 4-'7^h^^^yl'-l- { ( ( h ]) JU 

;^cip«^/u) :;^/ujM-/u);^;3s^-jx) -2, 5-fc'*nyc;?>'v?;r>'S:t)5rix^<Z>5!ii-g^i^;as^ 30 
tf ^ ^ . r tb ^> PS ^ ^ n J^c^ a V ;^ /i^ ^ /V K 

li^-bCOl ( ( ( h ]) -y /I- :t xn ;A ^ yu) ^/U-TjN^yV) ^^^J^V) - IH-fc'r^ — /^-2. 5 

, 3-ix:t?7i.7j^:^v^-Y:5:K;N - ((^y:7y^;^-up<^/u;:^/^7}^:=^7^):^^:35^>-) -5-y 
/U :^ >^ - 2 , 3 - V? ;^ /i< =3?^ V/ ^ K ; 1 - ( ( ( h ]) ^ ^ x:i >^ ^ :^ =^ ) 

:t ^ iy) -2, 5-t:-nyi?>'i;?::d-V^U?J:«5»^U<f^N - ((^J\^'7/U:;^xn:;i-^^i^ 
y. jl- /U ) ^ Zy ) - 5 - 7 /V 7}^ ^ > - 2 , 3 - ^ /V- 7}f iy ^ ^ K X N - ( ( h 

y77y^;^t3p<^/u^/i-/iN:rL7^);^:^i/) -5-y/w^/v;^>'-2. 3->^;;?7yU'2j?:^v'^5 

K <^ # tf r $f ^ U v^ o 

[ 0 0 7 3 ] 40 

:^ ^ <^ 3}< V? M ^ jo v> T . M ^ 5^ . M ^ <± ;^ #t ^ <z) ^ 3t J: 1/ ;^ 

[ 0 0 7 4 ] 

mm\^ ^ o. i7i^h2 5mM%(Di^mxmm^ix^. :y:i-hmii±^^i-x^ o. i 
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[ 0 0 7 5 ] 



mm\±^m<p^ ^ ^ ^ o m^-^mmmmM\^. ^ y v ^ - x :h ^ m ^ . ^mmco 

[ 0 0 7 6 ] 

m m ^ m » m ^j: ^ m^m M t I. X : T ^ ^ ^ ^ 1^ ^ \o 



r ^ u - /I. ^ ^ ^ ^ 1^ ^ >^ ^ r ^ ^ >mm . ^ r -r % - )\^ j^T 

-t" t K IS" fis ^ S ^ - ^ A T /i^ t K Ig- flg , U ^ >'i/ - ^ /i- T /l- ^ t K « flg ^ TJ^ ^ 

J: «9Xfif^^6^icN - r ;v ^ ^ :^ =^ jvT ^ ^) r X KXfiy y/i^r^ Y h ^(OUM 20 

-<^/U(CYMEL.K^) 300, 301. 303. 350, 370, 380, 111 
Q \ \ 0 <0 X b fa ^ ^ >{ ^ ^ ^rr-v?^-i/-.jt|^ .^^;;^}.^^-_^_ 

yviCj:«9S^3t^ixyc;^^^>'^; i^-T^^/l-l 1 2 325Lt;^l 1 2 S (D X b ^ -J ^ T ^ 

% ^^mm \ ^ ^ :^ \ 1 70, 1 1 712^t/l 1 72(^)J:5?',^i/y=3!>y/U;^Ii;^0«. 

*fc, 1^>r'7";>^^^t, *a. — — V^^ — — ^7:x:>^h/<— ^ — yi^(;iJ:l9A^PltM 

i^c^S^-< — >*^1SJ|gtr— b/u (BEETLE, S®) 6 0, 6 5S.T/8 0;5S^tfbn'5o 
[ 0 0 7 8 ] 

/vy^^^-^WfliT-fe^o rtL^flEfl, *M6^tcfihyr/i-:3j^cr — y^;<^y^;^^^>'2Slt;!-- 
^i^r/^'^a— /i.y =7 ^ VOi 9 f^r ^ JVX ^ ^ ^ Tyl-^^e/U^f^l 8J[U_h(D^^j^ 

[ 0 0 7 9 ] 

^\^u^fiir % :^^mn h \^x \% ^ ^ \ w (D^mm^^vf h f\.^ 

[ 0 0 8 0 ] 

_Ub-x4 



[ 0 0 8 1 ] 



[ 0 0 7 7 ] 




(TV) 



40 
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^ o 

[ 0 0 8 2 ] 

m X ^mm t I. X ^ m fj: ^ ^ ^ w \t . mm\^ x ^ m^^m^j: i i^y. ±(d 
^ ^ ^ >m ^ ^-r ^ (D^m^t^^x :h ^ o < . ^ v t i^i-^^ ^m^^^ t 
\. X : ^ y - ^ ^ iy ^[:, ^ m :^x)^ . m^m. mm^. ^^mjmmmm^x^y)^' 

S 2}f y — 14 ^ ap- V/ K ^5 ^ b ^ . r n b PS ^ ^ v^ . t^-^i.^^^y^^zy^m 

^wn. - ^ ^ X ^ ^ m ^ < t h 2 m <o i± ^ ^ m ^ m -r ^ o ^ v - 

:x tK V- K . ^ $S 31 2jf S ( mi X tK y ^ T yi- u y 3 V? ^ y V? 

/i-^-^/i^) ^^-r^m^^'v-^ — . 'Wi^:t^t^'7>^mi^ (m^i^. yt^ u >^ ^ z:^ ^ v 

^3jf^VK) ^^-fS^y-^ — ^t>*. -O- y >^ h ^ :^ ^ m (m . 33 7Ky-^ — (7)i/y 

[ 0 0 8 3 ] 

-c#6o Mx.fi*. ^^Ji^m<^m^-ej:<. mw^ma^mx ^ ^ iy ^ t Kft^'\^(D^M 

(ommm^m^fj:\^^^M(7:>mx:h^o tii-mfj:mimmt\^xn:y^xn^:^^ =c.:p^^^um. ^ 

[ 0 0 8 4 ] 

:^ ^ 0^ jbMt a # fc: ffi ;K :3r -i/ -g- W It tc: f;i . y i-' /l^ ^ - 7^ /l^ S « 0rj 
. — yui:jit:'':^^c2/WbKy>'cDi:9?t^. aMPJco^nut:Ky>'<^O^j^;t::J:»9 

#btL^#M:7zi^y — /ucoij^yv-s^yuzc^^/i. (mj;t{^. 2, 2 - (2, 3 - =c ^ ar Zy^ 

r2^^iy'7=j^/^/V) x:^ ^< (D -J ^ ]} i> /\. =r. ^ ju) tf $> 5 o Sf S ^ y V? /U 3i 7^ 

/v\z.\^ ^ fc* ;^ :7 y - /V A 31 h ^ /i^ ^t: m :3r K o J: 5 ;^ :7 a. y — a 31 :3f- 

K;e>5^^oMtC^(7)mf0^.i<:3eC/KiOM<^bTJi.^S4#i^^3, 0 1 8. 2 6 2-^(C4o 
[ 0 0 8 5 ] 

^ ^ ffi $f ^ K <t L T fi : 31 e n 7U y ^ y V 

^ i^^^ — X^t;5^^EP I - REZ 5 0 1 A (O M ^ X 7^ ^ m fj: (D ) ; tf>^>^aiy — 
/l'A(?5v?i/y>-v?/Hii — ^/U (->zi:yu>*r^;?7/l.Co. ;6^^3i/KV (EPON) 8 2 8, 31 
2}<>'1004^i;?3i7K>'1010 ;^0^^'>^5:;i7/UCo. ;5^^DER-331. DER 

- 3 3 2, ^t>*DER - 3 3 40fflo^^:^X*A^'5Itg/^>b(?5) > lf^/WV^n-^f^ir>'v? 
:^=¥iXK (^;tJ^. '=^^^:/:* — ^<>rK Corp. d^^(Z>ERL-4206) , 3, 4- 
317^^^/- 6 - J\y - \y ^ VI ^ ^ Zy ^ /V - 3. 4 - zn^iK^v'- 6 -y'^/Ui/t^^n^ 

=^-^>':;?7/V'7K^v^U— h (mjxf^.^^:^^;^ — ^<^KCorp. :a^bf7)ERL-420 

1 ) , If ^ ( 3 , 4 - 31 =^ - 6 - y ^ :^ t3 ^ V yv- y ^ yv ) T — b ( ^ ;^ f:f 

, ^-^V-;?/ — ^^^KCorp. ;6^t3(DERL-4289) , tf^ (2. 3-3i2K:3j..>.> 
:^^n-<>-^7U) oi — v=-yv (M^f^, ^::^::^>';^ — ^^-TKCorp. ;5^^f^ERL-04 0 

o) . ^ ^ \^ lif 'J ^ — j\-xm^ nf^mmm=^^- ^ iy im^k-t^ =3. - :t :y ^ — y< ^ V 
Corp. d^bOERL-4050j^t;^ERL-4269) , v^^Vy^Vv^J^-^rv^K 

Xt^. — ^^-fKCorp. :a^b<^ERL- 4 2 6 9) . M ^ ^ ^ Zy m M ( 
mjxJ^. y^^^:i:jJVCo, ;5^?3A^'5Itg7^^DER- 5 8 0, :^{t:t:*^:7aLy — yUimK^^S^ 

^ Ib ) . -7=x:.J — jl-:^jUJ\TJ\^'7^\iVy'^'7-yi^(Dl, A - zf ^ ly \^ :^ — /l^ \y -if ]} Zy 

/Uin — ^/l^ (^J;^t^, y^^^tf/\yCo. ;a^bODEN-43lS.U^DEN- 438) ^ 

U yl- v- y — /l^ ^ y V yl- 31 — ^ >ru ( ^ ;t , =1 2/ — X ;3& >' y< ^ — , Inc. b 

[ 0 0 8 6 ] 
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^ /i^ m :t — (D i> If: :^ yu ^ if fi :^ ^ - ti. h \Z m ^ ^ ti ^J: o »f 

^ V? - /V 3C1 - ^ ^ ^5 ^ ^ 5 o 4^ I- ^ ffi ^ < ^ t> Z: O CO :=! 7P oi - 7^ S 
^ ^ ^ m t \^ X \^ . :^ ^ U ^ ]) zi ^ ;V ^ hyp«^U-V-l, — /l-, 

[ 0 0 8 7 ] 

1^ PJ ^oMt 5 <S a: b T # ffi /.f: 0 ® r y S tfe ^ ^ :K ^ ife . 1 ^ _b <o T y yw S 10 
IftS^-g-^i-^^b*^. in*>. ^#®^>fli^^fe;^SlJeJlJlOi^^D^B^c*3V^TTy^^w>'S60T 
y/i^j^^icj;oTMi^^;h.rvN^t.(7)-e$>5e ifig?:cryyv^#:Kt-n. ryyu>^aiy — 
yv CO J: 5 T y yp :7 ^ yv >([:: ^ 4^ ;6S 5 , X y yu :7 ^ y - yu ^ <^ , :7 y - yv ^ >a ;ei5 
ryi-^u,vSOTyy^j^mt-J:«9 1 }^J. ±. (D ^ <D ^UX ^ ^ X ^ ^ 1 U ± (D ^ :x. y ^ 
/v¥fi:Sr-g'W-r5^y-^-xji7Ky-^-T*fci9#^o AM«jt;ifi. ryu^^uvB^Sfi:?^ 

m-^-yUr-fe^. IP-^. :7:r:y — yl.(il.l^Ji(7):ra-<::^yUB^S^^i-5^ ^f^bV^Ty 
yu >^ oi / — yu <Jr L T . -7 :^ y — /u R rj \i y u ^ iy ^ X T n R ^ i6 T y yv co 

J:5?:cryyi--^N^-fK(om«l^ife:d5^(f^tL^3 #<<30ifiljferyyu:7aLy-yufj:, 0ij;t 

f^. rv-K^y^, Inc. ^^-v?-^ — v- — i+l. y hyvi^yu^^^) 

^rJ:^91^-^,y^;^ (THERMAX) SH-150AR(?:)KD^p^T-|g5^^ixTV^;5SII 20 
^ A^'^ m ^J: T V yi- ^ zr. y — X* ^ ^ o T ]} jx^ :7 =^ y — ^ ^ t /\y 7 :^ ^ ji^ ^ m 

*|g4#fr^4. 9 8 7, 2 6 4#^CBa^^tbTV^So 
[ 0 0 8 8 ] 

m\zUmt^^m^mm t \^X\'X. ±.^^ l Y K^ML ^ tl ^ (O X, o ti: y V ^ :^ ^ /VU^ 
?^ y ^ >'RV^ ?i b^v^p<f^yu sm i5^y='!:>y/K7)J:5*l^-h(Op< h^Vp<^yi^S:^-g-:fr 
i-'5t3<?:>^5p^f^^^5o ---=^-y-y h ^ y ^ /i^ y ^ ^ > \^ ^ ^f^L.v^7< h^v-^^yugjgi 

=¥1^y h^-:y':7juyt^y^/uy'y^:yRrj^^^y h ^ 7 /i- y ^ ju y ^ <d x 

5?tC7« h^ix:7yu:rn;^^yw-2^t;t;?< h=^v'v?:7yU;d-n;^5^yU-gtfep«^^>^tJ«iJ^y=i 

r> y yu ^5 ^ if ib n 5 o * fc. $f >i <o f± . 7 5^ 31 ^ 5g ffi r- S o fc ^ ffi o ^ 

O V^ T . ^ IS :7 5^ m $ iT. X V^ 5 <0 d5 » ^ L V> o 

[ 0 0 8 9 ] 

:z t ^^x ^ . :^i^2i^±.(Dmf£^mmm^^^^^zti)^x%^, ^m^mM(Dm^^ 

t> :^ ^ m iz X m ^ ti ^ t ir. -e^^a^^t^itJ^r ^ 'y^^^t^^RXI^^^-^ 

m m. ^ ^ (D m m ^ m m iz X o . if>>ib8omA%^iff^\^<\±o. 5 tb 5 o 

[ 0 0 9 0 ] 

^^^cop^^fh-ry-v^^fg/^iaj^^^ii. \z ^ \c 1 ^ ± (D m m (D j& ^ ^ ^ ij - t ib^ X 
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/J^ M S[ T* # ^£ i- 5 T* ^ 9 . 
1 0 0 9 1 ] 

[ 0 0 9 2 ] 

[ 0 0 9 3 ] 

^ (D ^ ^ X- m K ^ th m ^ o :^ — T ^ ^ ^ d ^ n ^ t ^ ^ 

<fc o mm ^ ^ . 

[ 0 0 9 4 ] 

y^'^:y^5^:^}<y-^ — ^ — ><.uv?;^ ^^ti^yry — /u^ — v^/^;?^/w;jN>'rr;?Ky-^~--< 

(i>:^M6^tw(iO. 0 5d^f>l/2m,^if*U<JiO. Id^^O. 5Mm:S.TJ«<tl9^^b< 
[ 0 0 9 5 ] 

i-e:rcd?)^JD^t::J:«9^j^^ttS ^^tta) « =^ — ^ :y ^ n . ttl- ^ I. < n ^ i^^ t^: 

n . y ^ h u :^ h (D y hm^^^^^^\^m^itVUiy:^ ^ ^ ^ ^ 

mRXfZ^ :t h l^v?>^ h mf^m ft- X:. X MM^ 1 it> 1 0 Om 1 / cm^<^^S-Cfe 

[ 0 0 9 6 ] 

^^m(7:^:^^h^>^ — -l^'^mm^^n. 248. 193, 157nm^U?ll~15nm 

c>J:a^.^#^3^<c^3fet^:Sl-J:^?i&1*'fb$tT.#6o I. i(>^ h . ^ m m (O Z7 ^ h ^ ^ — 

[ 0 0 9 7 ] 
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[0111] 

1 5'C\^:io\^^X^^A(D h /i^^ ^ \zm^M(0 a - 4 - r^5^>'U-<>'>?yi-h y ^ 

F ~ 3 X: \c ^ X y V :^ =^ m T \^ X mm ^ o ^ (om^mi^. M 3 ^ PpT r <o ?a s 

t-:^3v^Tts^^i^. ^ \^ ^ ^ X ^ X m» ^ f^. . ^th:fy^^-mm7i^mm-rhv^j>^xm: 



±m ^ h (D m m m . ^u^z^^-^iy — -^ (4:^>^>/;^bc3 — ^7jmmm(D h 
y:3i^yuT?>^(o#^tT. 5ot:^c^3v^T7 2^ra.«^^^tL/co 7 2^ra<o^./Ky-v 
-mmn . ^^\z,fj:^^x7^x^^^ti. mmnmm\^ x ^ ^ thf;i^ mi^^- v ^ - it 20 
M<}^m(DTHFxmm^n. ykxttm^ti i2m) . so'ctcjov^r. 24b#PbT. 

[0113] 

m£^J3::7;*-ht/i;^:;^bMK:S:T>*yhi^^:7^-^rax 
[0114] 

[0115] 30 

(RO-8#®??&tiSJ) fl. :7^at-l/>>/yci~-/Up<^/l.ai — T^yvrir^— h (PGM 

EA) (7)^?g<tbT^;(jp^ti.fco y ^ hm^±M\t. m.m^'^yi^mmt]^xmm^thf:i^ 

ia-g-^ttfcUi^^^^ h«^S«^®iS^:^l^^^K(i:. 9 O : 1 0 v/vPGMEA : ^^m^/UT? 

^@M^^S*l-UTO. 5 6 3aft^^---feVb<^ST*^^^i-^o#®?&tt^J(RO-8 
. 3 Mitm) ti. ^S?f^5>trS5ptcbTO. 2fift-/<-ir>'h(7)ft'e#^i-r^o 40 
[01 1 6 ] 

Tas^m^^f^. 18. 2 6fi*/< — irVh<D@?f^5>T-iB'^^^xfCo^^ft5^ll. POME 
A:fL®^^^/l-OV^-ri^^^<50^^g^LT^;[JD^i^. 8 0 : 2 0 v/vPGMEA:?Lg^:3^ 



[0112] 



[0117] 
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m^mr>^=:-^J^mi^.»t.i.<no. l 5 f)^ h o . 2 e N y^m h y ^ r > ^ 
=L f; ; ^ r ^ ^ n-:/nt'yuT^:v, i^^5^/ur^>. h ]) ^ T ^ :y ?^ 
^ i:y JUT ^ :y (D X ^ fj:m>^ (DT ^ zy^^ ; i^^^/ — 7ur^>, h V ^ ^ y — T 

[ 0 0 9 8 ]. 

/'^^->'fi. ^K^mK^t^"^^ :t > y J- :y ^ mm (D ^ y ^ ly ^ \^ ^ ^ T m:x\tT um\^ 

[ 0 0 9 9 ] 

-g^^f^ryl-^::^'^^. ^ItYbj^ye^A. ^ ^ ^ y ^ ^ ^ ^ y.\f ^y^ly (s p 

in - on) ^mmm^^Ti ^ \f ly 'xvt\\L^mm^.mmm.w-mi>- . ^yh. ^^5^(^:7 

[0100] 20 

T-^5fci^tcfi, :*:^JKKf;i. mm.m K \± X )^ Al (O V - ^ M ^ ^ ^ ^ ^ o ^i/n^r^^fi, 
[0101] 30 

H ^ 5 o ^ ^ 

[0102] 

— :y V ly T ^ ly ^ ) . — ■t":^^— 7"^:^^/. 0 — ^ — ^— 7^^^^/, ^^n-zh^i^^ 
^iy^^y^y^l^^—'r>(>'^^yyyY^—y'^ly^ {flood coating). ; 
#a;^:/u — , 3^^^:/^^ ^ — ^ ly 'Sf \± V y ^ y ^ t \. X (D X \ 

b tj:i£M<o^^\z. X, K> ^ ^ ^ ±. \^ ^u^m <D M ^ \^ mm ^ ^ ^ t \z X, ^ mm ^ tin ^ 
;*:^^i^^^(c^^^n#6o n^tj:m^t\^x\^. y^y>hiai^^«^i5 

Dj ) :^ y y^ mt^mi!>^ . ^tfbttSo 
[0103] 
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( IP ^ 2 5 °C ) b 1 7 0 °C ^ Ic CO ?a S *5 V^ T Ttc ^ ^ o ^ 5 5^ <b 

[0104] 

x:t^ h 1 7 o.x:<DWLm\^i^^^x^it^ti^o ^itmmn^^ti^n^t^. —^^\cnms 0 

h m 1 ^ m X ^ ^ o Mnm ^ tl ^ ^ n X n . jt^mx <D Km X /I- 

^ ^ ^ :^ V =^ — . !^KiS:M(o^mmtmm-r^. m^mmi^. ^m^m^^^ 10 
y) ^>mm^ t ^ ti ^ o tJ^ox. ^m^mmn . mi^^^mtitmmtin^m^^xftj-mfj^mm 

{z CO ^wt T h ^ T ^ T > ^ =^ ^ -A^ ^ \f h ^ . M:^^ ^^mmn. Mm^Kn 
^^:^ti^mw:^xy^mmm.m\zi^:^'t^t^. -^m^nm i o ^ m i ^mx ^ ^ ^ 

[0105] 
[0106] 

itmm^n . mm^K =1 r ^ iy v . ^ <d ^ \ft . =^T\z.it^xm:\^^m^ 

mm^Kn . tti-m^j: ^ ^ y n . 1. 3 ^ 1 . 5 4 (d m^m^^-i- ^ o 

[0107] 30 

^ ^ y m n ^ K m ± K mm ^ n ^ <^ tt^- ^ \^ o t>ut>^^>>' m ^ ^ h^Ybt^ 
y.\^m^^ti±x ^ ^ yj: h \^ . ^ nm — X.UK ^\.^ X :f ^ >- ^ y h m^t ^ th^^ ^ o -7 :t h 
m ^ i± r u n ^ ^ y V m ^ K mm ^ th . — v^^tt. m ^ m iS:M k ^ ^ ^ t\. 

:yKJlcO®^^fi. I^ — T^fo^-^^-efc-So m ~ ^ ^ y M n . ^ <D ^ ^ it ^ . XJi^' 
[01081 

iy y^ ^ :t ^ >- :^ V — :^XJ^ ^ V — n . :^^m^^<Di^'yyh*BLXJ^XJ^^'i=^TK 

jo^t^^£^^-^^^S-CfoSa »^U<fi. :^ytm'^i± (phot ode f inab 1 e) U 40 

t/li^Ji(^Wm^^5^J^-^tj^3tM^tem^^co^^^Ji. il^^tX'SlWJiCO^I^^J-SLt^* 

# S o 

[0109] 

. ^ O 0iJ ^ X- S o 
[0110] 
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(51) Int. CI/ 
// G 0 3 F 



7/26 



F I 



H 0 1 L 21/30 
G 0 3 F 7/26 



5 7 3 



"^^^-K (#%) 



5 11 



(74)ft^A 100112586 

y fe'>;/:y'JtiO 1 5 2 2. v^ai^r — y^', p«-l'>'-;^hy — b-1566 

r;?« !J:^;^*H-ei^^3.— i?5/^>!mo 1 5 4 5. v^zl/l— >^-<!J ~, 3^-^ . ^ i^^;;^ , 3 

4 , ry<— b y V h • 8 

(72)^^# -^v-zL— . . ariy^ 

T;?« y ;^7^*a•^1^f^^— t-/:y'JHo 2 1 3 4. 7j?;^h:^, t • ;^ h y — h • 2 6 , T/n— 
hp< >- h ■ 1 

F^— 2H025 AB16 ACOl ADOl AD03 BEOO BGOO CB33 CC20 DAll DA29 



FA03 FA12 FA17 FA41 
2H096 AA25 BAOl BAll BA20 CA05 EA02 FAOl GA08 KA02 
4J246 AA03 AB06 BA020 BA12X BA120 BBOlO BB012 CA270 CA39M CA53M 

CA64X CA640 CA99M FA061 FA121 FA151 FA171 GB04 GD08 HA15 
5F046 NAOl 
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1 Title of Invention 

PROCESSES FOR PRODUCING SILANE MONOMERS AND POLYMERS AND 
PHOTORESIST COMPOSlllONS COMPRISING SAME 



2 Claims 

1 . A method for i>rcparlng a photoresist composition^ coinprismg: 

a) producing a monomer by reaction a vinyl csuribocyclfc aryl ester 
compound with a silanc compound and polymerizing the monomer to provide a 
sitoxane polymer; 

and 

b) admixing the polymer with a photoactive ccMnponent. 

2. The method of claim I wfiercin the carbocyclic aryl compound is a 
substituted phenyl compound. 

3. The m^od of claim 1 wherein the carbocyclic aiyi compound has the 
fomnula CH2»CII-C«1 U-ester. 

4. The method of claim 3 wherein the ester is -0C(«O)R wherein R is 
optiojiaily substituted Ci^^lkyl. 

5. The method of claim 3 whtacid the ester is --0C(*O)C} I3- 

6. The method of any one of claims 1 through 5 wherein the phenyl group 
is 1,4-subsdtuted or l«3«substituted. 

7. The method of any one of claims 1 through 6 whcrdn the silane 
compound is selected from the group consisting of a trihalosilane, a trihydroxysilane^ 
and a trialkoxysilane. 

The method of any one of claims I through 6 wherein the silanc 
compound is a trihalosilane. 

9. The method of any one of claims 1 tbrot^ 6 wherein the silane 
compound is a trichlorosnane. 
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10. The method of any one of claims 1 through 9 wherein the si!anc 
compound imd the carbocycKc aiyl compound arc reacted in ihc presence of a 
phosphine reagent, 

1 1 . The method of claim 1 0 wherein the f^osphine reagent is a 
iripheoylpliospiune. 

12. 'fhc method of any one of claims 1 through 1 1 wherein the silanc 
compound and the carbocycHc aryl compound arc reacted in the presence of a metal 
catalyst. 

13. The method of claim 12 wherein the silane compound and the 
caibocycHc aiyJ compound are reacted in Ibc presence of a palladium compound, 

14. The method of claun 13 wherein the palladium compound is a MQl) 
compound. 

1 5. The method of any one of cbitms 1 through 14 wherein the siloxane 
polymer is obtained by pol^criidng Ae monomer In Ac presence of compound 
having muhipie rcacdve nitrogen moieties to provide the siloxane polymer. 

16. The method of any one of claims 1 through 15 wherein the photoresist 
composition is achemicaJly-amplificd positive-acting icsist 

17. llic method of any one of claims 1 through 1 5 wherein the 
composition is a negative-acting resist. 

1 8. llic methwl of any one of claims 1 through 1 7 fiirther comprising 
applying a coating layer of the photoresist composition on a substrate; exposing ftc 
jAotorcsist coating layer lo patterned activating radiation; and developing the exposed 
photoresist coating layer to provide a resist relief image. 
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1 9. -nie method of claim 1 8 whcrcin an <»Banic polymer wanposilioB is 
applied to the substrate and ihc photoiesfet composition is applied over the polymer 
oompo^&csa. 

20. The method of claim 18or 19 wherein «he photoresist layer is exposed 
with radiation having a wavctoisA of less than about 300 nm. 

21 . The method of claim 1« or 19 wherein the photoresist tayer is exposed 
w»> ladiaUtMi havtog a wavdcngth of less than about 200 nm. 

22. Hie method of any one of claims 18 through 19 wherein the substrate 
is a roicraclcctrDnie wafer. 

23 A photoresist composition comprising a photoactive compoocot and 8 
riloxane polymer obtainable lyptodueing-monomer by leacaonavinylcaAoey^ 
a^ ester compound wifh a rtacthw slUme compouml and polymeriring the monomer 
to provide a uloxane polymer. 

24. Tiie photoresist composition ofclaim 23 wherein tbecarbocyclicaryl 
owipound Is a subsUtuted phcngrl compound. 

25. The photoresist composition ofclaim 23 whereto the catbooyclicaiyl 
eonqxwid has *e formub CHi-CH.CtHr«ster. 

26. Tbc photoresist composition ofclaim 25 wheieta the ester is 
_0(^=0)R -sAereio R is optfonally substituted Ci.<»llcyi. 

27. The photoresist composition of claim 25 wherein the ester is 
-OC(-0)CH,. 
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28. The photorcsist composition of any one of claims 24 through 27 
whcsttin the phenyl group is 1,4-substituted or ),3-Sttbstituted. 

29- The pliotorcsist composition of any one of claims 23 through 28 
f^^crcm Ihc silanc compound is selected from the group consisting of a irfhalosUano. a 
tfihydioxysilane, and a triallcoxysilane. 

30- The photoresist composition of any one of claims 23 through 28 
wherein tl'ie silane compound is a trthalosilane, 

3 1 . The photoresist composition of any one of dahns 23 through 28 
v^hercin the siianc compound Is a trichIorc»silane. 

32. The photoresist composition of any one of claims 23 through 3 1 
wherein the silane compound and the carbocyclic aryl compound are reacted in the 
presence of a pjuxsi^ine reagent. 

33. The photoresist composition of claim 32 wherein the pho^hine 
leagcnt is a triphcnytphosphine. 

34. The {^lOtoresist composition of any one of cl^'ms 23 through 33 
wherein the silane compound and the carbocyclic aiy! compound are reacted in the 
presence of a metal catalyst 

35. The photoresist composition of claim 34 wherein the silane compound 
and the carbocyclic aiyl compound ans reacted in the presence of a palladium 
compound. 



36. The photoiesist composition of claim 35 wherein the palladium 
compound is a Fd(II) compound. 
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37, The photoresist composition of any one of clafins 23 throu^ 36 
wherein the sjloxdne polymer Is oblaincd by poJymcdEhig the monomer in the 
presence of compound having multlplo reactive nitrogen moieties to provide the 
siloxane polymer. 

38. The photoresist compositfon of any one of claims 23 through 37 
wherein the photoresist cosnposition is a <^nxicaUy-amprificd positive-acting resist 

39. The photoresist composition of any one of claims 23 through 37 
wherein the composition is a negative-acting resist, 

40, A method of forming a photoresist relief image, comprising: 

(a) applying a coating layer of a photoresist of any one of claims 23 
through 39 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief image. 

4 1 - The method of claim 40 wherein an organic polymer composition is 
applied to the substrate and the photoresist composition is applied over the polymer 
composition. 

42. The method of claim 40 or 41 wherein the photoresist layex is exposed 
with radiation having a wavelength of less than about 300 nm. 

43. The method of claim 40 or 41 wherein the jAolorcsist layer is exposed 
widi tadiatf <»i having a wavelength of less than about 200 nm, 

44. The m<^od of claim 40 or 41 wherein the photoresist layer is exposed 
with radiation having a wavelength of about 248 nm or 193 nm. 

45. An article of manufacture comprising a microelectronic wai^r substrate 
or fiat panel display substrate having coated thereon a layer of the photoneast 
composition of any one of claims 23 through 39. 
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46. A mclhod for producmg a Si polymer comprising: 
producing a monomer by reaction a vinyl carbocycUc atyl ester compound 
with a reactive silane compound and polymerizing the monomer to provide a siloxane 



47. The method of claim 46 wherein the carbocycltc aryl compound is a 
substituted phenyl compound, 

48. The mclhod of claim 46 wherein the carbocycHc aryl compound has 
the formula CHipCH-Csf l4-ester. 

49. The method of claim 48 wherein the ester is -0C(-O)R wherein R is 
optionally substituted Ci^alkyl. 

50. The method of claim 48 wherein Ihc ester is-0C(O)CH3. 

51 . The method of any one of claims 47 Owough 50 wherein the phenyl 
group is ]»4-sabslituted or 1,3-substituted. 

52. The mclhod of any one of claims 46 through 5 1 whwein the silane 
compound is selected from the group consisting of a trihalosilsme, a trihydroxysilanc, 
and a trialkoxysilane* 

53. The method of any one of clatais 46 Aroagh 52 wherein the silane 
compound is a trihalosilane^ 



polymer. 



54. The method of any one of claims 46 through 52 wherein the silane 
.compound is atrichloiosilane» 



( 36 ) 



JP 2004-38143 A 2004.2.5 



-42- 

55. The method of any one of claims 46 through 54 wherein the silane 
compound and tfie cattocycf ic aiyl compound arc reacted in the piesencc of a 
{diosphine reagent 

56. The method of claim 55 wherein the phosphine reagent Is a 
trtphenylphofsphine. 

57. The method of any one of claims 46 throu^ 56 whmln the silanc 
compoimd and the carbocycHo ary I compound arc reacted in the fwesence of a mcta] 
catalyst. 

58. The method of claim 57 wherein the silane compound and the 
caxbocyclic aiy] compound are reacted in the presence of a palladium compound. 

59. The method of claim 58 whoficiA the palladium compound is a Pd(n) 
compound. 

60. The method of any one of claims 46 thzou^ 59 ^ndiereb the siloxanc 
polymer is obtained by polymerizing the monomer in tiie presence of compound 
having multiple reactive nitrogen moieties to provide the siloxane polymer.. 

61 » A polymer obtained by a method of any one of claims 46 through 60, 

62. A method for producing a Si monomer comprising; 
reacting a vinyl carbocyclic aryl ester compound with a reactive silane 

compound to provide the monomer* 

63. The method of claim 62 wherein the carbo^^lic aiyl compound is a 
substituted phenyl compound. 

64. The method of claim 62 wherein the carbocyclic aiyl compound has 
the formula CH2=CH'C6H4-csicr, 
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65. The method of claim 64 wherein the ester is-OC("0)R wherein R is 
optionaiiy substituted Ci^alfcyl. 

66. The method ofclaini 64 wherein fttc ester is -0C(=0)CH3- 

67. The metliod of any one of claims 62 through 66 v^berezn the phenyl 
group is i,4-substttuted or 1 »3-substittttcd. 

68. The method of any one of clainns 62 through 67 wherein the silane 
compound is selected liom the group consisting of a trihalostlane, a trihydroxysilane, 
and a trialkoxysilanc. 

69. The method of any one of claims 62 Through 67 wherein the siianc 
compound is a tribalcsilane. 

70. The method of any one ofclaims 62 tiirough 67 wherein the silane 
compound is a trtdilorosilane. 

71 . The method of any one ofclaims 62 Uirough 70 wherein thcsliane 
compound and the carbocyclic aiy] compound are reacted in the presence of a 
phosphinc reagent. 

72. The method of ciaim 71 wherein the phosphinc reagent is a 
triphenylphosphine. 

73. The mediod of any one of claims 62 dirougb 72 wherein the silane 
compound and the carbo^clic aiyl compound are reacted in the presence of a metal 
catalyst. 

74. The method of claim 73 wherein the silane compound and the 
carbocyclic aryl compound are reacted in the presence of a palladium compound. 
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75» tlie method of claim 74 wherein the palladium compound is si Pd (11) 
compound. 

76, The method of any one of claims 62 ti)fX7Ugh 75 wherein ihc slloxane 
polymer is obtained by polymerizing the monomer in the presence of compound 
having muhiplc reactive nitrogen moieties to provide the siJoxanc polymer 

77. A monomer obtained by a method of any one of claims 62 through 76. 

78- A compound that is CH3CSiCl3)CH-C6M4-ester. 

79. The compound of clahn 78 wherein the ester is -OC{- 0)R wherein R 
is oplionidly substituted C}.«alkyl. 

SO. The compound of claim 78 wherein the est^ is -OC(=^)CH3. 

8 1 . The compound of any one of claims 78 through 80 wherein the phenyl 
group Is 1,4-substltuted or I»3-sub5iitutcd. 

82. A method fcr producing a photoresist composition cc»nprising: 
providing a Si polymer by steps comprising producing a monomer by reaction 

a vinyl carbocyclic oryl ester compound with a reactive siiane compound and 
polymerizing the monomer to provide the Si polymer; and 

admixing the polymer with a photoactive component. 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVB^mON 
L Field of the fovcntJon 

Hic present invention relates to new Si-containing monomers and methods of 
synthesis of such monomers; polymers produced from such racmomcrs; and 
photoresists that contain such pMDtymers as a resin components. Photoresists of the 
invention arc particularly useful for multilayer lithographic fmcessing. 

2, Background 

Photoresists are photosensitive films used for transfer of images to a substrate* 
A coating layer of a photoresist is formed on a substrate and the photoresist layer is 
then exposed tlirough a photomask (o a source of activadng radiation. The photomask 
has areas that arc opaque to acdvating radiaticm and oUier areas that are transparent to 
activating radiation. Exposure to activating radiation provides a photoinduccd 
chemical transformation of tho photoircsist coating to thereby transfer the pattern of 
the photomask: to the photoresist-coated substrate. Following exposure, the 
photoresist is developed to provide a relief image that permits selective processing of 
a substrate. 

A photoresist can be either positive-acting or negative-acting. For most 
negative-acting photoresists, those coating layer portitms that are (deposed to 
activating radiation polymerize or crosslink In a reaction between a photoactive 
compound and polymcrtz^k reagents of the photoresist composition. Consequently, 
the exposed coating portions are rendered less soluble in a developer solution than 
uncxpo»d portions. For a poshivc-acting photoresist, exposed portions are rendered 
more soluble in a developer solution while areas not exposed remain comparatively 
less developer soluble. 
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'llie increiksiiig density of Integrated circuits lias created a need for higher 

resolution patieramg capabilia'es. One mediod of improving resolution involves using 

a shorter wavelength light during pattern fonnaUon. Shorter wavelengths of 

approximatety 200 to 280 nm may be obtained by using a deep UV ("DU source 

such as a mercuiy/xenon Cllg/Xe") lamp with appropriate filters. Additionally, KrF 

(248 nm) or ArF (193 nm) exclmer lasers may be used as exposure sources, 

« 

In addition to using shorter wavelengths during exposure, it is also desirable to 
use a thinner layer of nisist. However, the major drawback of using a ^io layer of 
resist Is that the variation of resist thickness over a ditTiision step on a substrate and 
mto an etched pattern increases as the pattern si7^ becomes smaller. This variation 
means that ihc dimensions ofany pattern being imaged in the insist will vary as tlie 
stc^ gcomcliy is traversed. Therefore, in a rfnglc layer resist system, the lack of 
dimensional control on the wafer can create different line widths throughout the resist 
which reduces the quali^ of the electronic package. 

To improve dimensloiial control, bitayer (or bilevel or mulu'level) resist 
systems have been utilized. In a typical bilevel sy&ton» a bottom leslst is first applksd 
to a substrate to plaiarizc wafer topography. The bottom rx^ist is cured and a second 
thinner Imaging top resist is then applied over the bottom resist. The top resist Js then 
soft baked, and pattered (ca- imaged) using conventional resist exposure and 
dcvelc^ent, folk>wed by etch transfer of the top pattern through the bottom resist 
using die top resist pattern as an etch mask. Sccv gcncraHy, Sugjyama et al^ Posifrve 
Excimer Laser Resists Prepared with AUphalic Diazokelones^ Soc> Plastics Ene^ 
Conference Proceedings, pages 51-60 (Nov. 1988); and U.S. Patents 4,745,169; 
5,33«,8i«; 5,691,396; 5,731,126; 6;L96,9Z5i and 6;340,734. 



SUiVfMARY OF THE INVENTION 

We have now found novel Si'<:ontain]ng monomer and siloxane po^miers 
produced there^om and methods for synthesis of these monomer and polymers. 
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Polymers produced diroitgh methods of the invention are p^cularly use&l as a 
photoresist lesin component. 

Preferred monomer syntheses of the invention include reacting a vinyl 
carbocyclic aiyl ester compound whh a reactive silane compound. 

Preferably^ the carbocyctic aiy] compound is a substituted phenyl compound; 
e,g. a compound of the formula Cflr^CH-C^Hi-cstcr. That ester group is preferably 
of the fbrmula-OC(K>)R wherein R is optionally substituted Ci^lkyl, preferably an 
acetyl group i.e. -0C(=0}CH3. The i^enyl group can be substituted in any number 
of positions e«g. 1.4-substituted or l»3-substiUitcd. The carbocyclic group also may be 
suitably substituted at ring positions by groups other than an alkene and ester, eg. by 
halo^ C|^alko)Qr, Q^alkyl, niiro, cyano, etc» 

A variety of reactive silane reagents may be employed, with trihabsilaixcs, 
trifaydroxysilanesy and tiiallcox^^Ilanes being preferred. Particularly preferred are 
trihalosilanes; especially trichlorosilane. 

Preferably, the silane compoimd and the substituted caibocyclic aiyl 
compound are reacted in the presence of a phosphine reagent such as a 
triphenylphosphlnc or other suitable phosphine reagent Even more preferred is to 
conduct the reaction in the presence of a metal catalyst, such as a palladium reagent, 
particularly a PdOQ) compound. 

The reaction preferably adds the silane leagcnt acTX)Ss Ihc vinyl group, 
particularly forming a carbon-Si bond to the m(xe substituted alkcnc carbon. In the 
case of a vinyl phenyl compound, &e reaction inferably provides a benzylic silane 
group. More paiticularty, by reacting the carbocyclic aryl compound of 
CH3»^CM-<^6H4-ester with a trihalosf lane, a prefcnx:d reaction product is 
CH3CH{Sl(halo)j)-C6H4rCSter, That mon<micr then can be polymerized to provide a 
siloxane polymer. As discussed below, preferred methods of polymerization include 
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polymerizing the Si-monomcr in Ibe pr^stsnce of compound having mahiple reactive 
nitrogen moieties to provide the siloxmie polymer 

Polymers of the Invention arc particularly usaM as a resin component of a 
photoresist composition. Typical photoresist compositions of the invention will 
contain a photoactive component, e.g. one or more photoacid generator compounds. 
Chetnically-ampUfjed positive-acting photoresists will contain a component that has 
one or more photoacid-iabi fe deblocking groiips, e.g. a photoacid-Iabile acetal or ester 
group such as t-butylester or adamantyiesten Such photoacid-iabiic group(s) suitably 
will be substttuents of silicon-containing resin, e.g. the photoacid-Tabile moiety mvy 
be grafted onto a phenolic group of a formed polymcr.but the resist also may contain a 
separate component such as a separate oligomer or polymer that contains such 
photoacid-Iabiie group(5). Negative-acUng resists of the invention typically will 
contain an agent for crossltnking of one or more compcmcnts of the resist, typically a 
separtklc crosslinker component such as an amine^based reagent^ o.g. a melamine or 
bcnzoguanamine resin. 

miotcvcsists of the invention are particular useful for nnaging at deep UV 
wavelengths, patticulariy sub-3Q0 nm wavelengths such as about 24S nm. 
Photoresists of the invention also can be Imaged at shcMter wavelengths, e,g» $ul>-200 
nm such as 193 nm and 157 nm. 

Photoresists of the invention are preferably employed in muhilayer 
lithogiaphy systems. More particularly^ preferred uses of resists of the invention 
include application of a first organic polymer coating <m a substrate^ e.g. a 
microeiectronic wafer, and applying thereover a photoresist of the invention. Tlic 
organic bottom layer suitably may be non-photoimageable (e.g. not contain a 
photoacid generator compound) but thermally crosslinked pnor to aj^tication of the 
top resist layer. The bottom layer may comprise a phenolic polymer such as a 
novolac admixed with a thermal acid generator compound and a crosslinkrar. Use of 
such a bottom layer can enable af^lication of veiy thin top resist layer. 
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The invention also provides methods for fomiing relief images, including 
methods for fonning a highly resolved relief image such as a pattern of lines where 
each line has essentially vertical sidewalls and a line width of about 0.40 microns or 
less, and even a width of about 0^, 0,20 or 0.16 microns or less. The hiventic«i 
further provides articles of manufacture compri^ng substrates such as a 
microelectronic wafer substrate, optoelectronic substrate or liquid crystal display or 
other flat panel display substrate having coated tfiereon a polymer, photoresist or 
resist relief image of the invention. The invention also includes methods to produce 
such articles of roanu facturc, ^ich comprises use of a photoresist of the invention. 

The invention also includes monomers and polymers obtainable or obtained by 
a method of the invention. Other aspects of the invention are disclosed infra* 

DETAILED DESCRIPTION OF TBE INVENTION 

As discussed above, preferred monomer syntheses of the invention include 
reacting a vinyl carbocycHc aiyl ester compound with a reactive silane compound. 

The following exemplaty Scheme I depicts a preferred synthesis of the 
invention with prcforcd reagents and conditions. It will be understood however that 
that a variety of other compounds and conditions can be employed In a sbnilar manner 
as described below with respect to the exemplified compounds and conditions. 



SCHEME 1 
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As shown in Scheme J, vinyK ester carbocycHc aiyt compound I is reacted 
with reactive sitane reagent 2« which is shown a$ a preferred tnhaiosilane reagent As 
discussed above, the reaction is preferably conducted in the presence of a pho^hlae 
reagent such as a triphenylphoshinc and even more preferably in the pT«sencc of a 
metal catalyst^ such as a platinum, nickcl» palladium or other suitable catalyst, 
preferably a palladium catalyst such as a Pd (II) reagent 

The reaction can be conducted under a variety of conditions. Optimal reactloa 
conditions can be readily determined empirically for any particular system. One 
particular protocol provide charging a reaction vessel with the substituted carbocycHc 
aryl reagent and phosphine and metal catalyst if employed in a suitable solvent such 
as tctrahydroiuran or an aromatic solvent sueh as toluene or xylenes. To that mixture, 
the reactive siiane reagent can be added over time, and the complete reaction mixture 
stirred until reaction completion, typically at an elevated temperature such as at least 
about 40*C, 50*C, eCC or 70*C to provide monomer 3 . Sec Example 1 which 
foUows lor exemplary preferred reaction conditions. 

Monomer 3 then can be polymerized with itsclfor with other monomers to 
form hii^cr order polymers. Ailer formation of polymer 4, the ester of the 
carbocyclic aryl group can be cleaved (e.g. hydrolyzcd) to pro\ddc the corresponding 
carbocyclic aiyl with alcohol substitution, e^. a phenolic group as geneially 
cxemf^ified by polymer 4 In Scheme I above. Hie ester can suitably be deprotected 
by trcixtment with strong base or other appropdate procedure. The thus produced 
caibocycllc aryl alcohol (e,g. phenol) also then can be further functiotialized^ e.g. fay 
reaction With a vinyl ether to provide a photoacfd-labilc acctal group, or with acid 
chloride to provide a photoacid-labile ester. The value m of polymer 4 suitably can 
vary widely for any particular polymer, e.g. from 5 to 1 0,000, more typically 10, 20, 
30. 40, 50, 80 or 100 to about 1,000, 2,000, 3,000. 4,000 or 5,000, at least for many 
photoresist applicatiems. 
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As mentioned above, piufcrred methods for polymerizing a monomer 
produced in accordance with the invention include reacting ihe monomer in the 
presence of compound having muhiple reactive nitrogen moieties to provide a 
siloxane polymer. 

Without being bound by any theory, it is believed the poiyHiitrogcn compound 
can serve as an effective •template" onio which the reactive silanc compounds 
reagents can link during the course of the polymerization. Ihe nitrogen compound 
then substantially withdraws from the polymer matrix and is not substantially 
incoiporatcd into the final polymer. Such withdrawal of the nitrogen compound is 
facilitated by the relatively weak Sl-N bond that Is believed to exi^ during the 
"templating" process. Some amounts of the nitrogen-containing compound may be 
incorporated into the polymer, but typically at least about 60, 70, 80 or 90 mole 
percent of the nitrogen-containing compound utilized in a reaction is not incorporated 
into the final polymer. 

In a preferred aspect, a plurality of distinct silane reagents may be employed in 
the polymerization reaction^ e^g. at least two, three or four distinct silanc reagents are 
polymerized to provide the conesponding copolymer, terpolymer, tetrapolymer or 
pentapolymer. For example, one silane reagent may have a photoacid-labib 
subsiitucnt such as a plK)toacid-labile ester or acctal, and another distinct silane 
reagent may have a dissolution control group such as a hexafluoropropanol group* 
Suftablyi such groups may be substhuents of a carbon aH<o^cltc or hcteroalic^clic 
moiety of a silane reagent. 

The nitrc^g^en^ntaining "templating** reagent preferably comprises one or 
more amine groups. Primary amines are generally preferred, but secondary and even 
tcftiary amines also will be usclUL 



Particularly preferred nitrogen-containing **tcmplatihg" reagents are small 
molecules, e.g. having a molecular weight of less than about 500, more preferably a 
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ntolecular weight of {ess than about 400, 300, 200 or even 100» Such small molecules 
faeilitate optimal positioning orthc sllane reagents during the potymcHzation. 

Particularly preferred nitrogen-coniaining '^emplatlng* lez^ents also have a 
relatively rigid structure to (iirtber oplimizc positioning of silare reagenls during the 
polymerization reaction. Thus, cyclic compounds having nitrogen substitution are 
preferred templating reagents, such as carbon alicyclic, heteroallcyclic, carbocyclic 
aryl or hetcroaronaatic compounds having one or preferably two or more nitrogen 
groups either as ring members or as substituents to the ^cHo compound. Carbon 
alicyclic, hctcroalicyclic, carbocyclic aiyl or heteroaromatic compounds having 
multiple amine substituents are particularly preferred. An especially preferred 
templating reagent is a diamine phenyl compound. 

While such more rigid templating reagents may be particularly prefexrcd for at 
least some applications, non-<:yclic templating reagents also vnll be effecii vc such as a 
noncyclie Cu\i alkyl or Cj.|2 alkoxy having one or more nitrogen moieties, 
particularly amine moieties. 

llio following Scheme 0 depicts aprefeircd polymerizadon method as 
discussed above. l*or the purposes of exemplification only, particularly preferred 
compounds, reagents and condilions are depicted in the following Scheme II, and as 
with Scheme I, it will be understood that a variety of other compounds and conditions 
can be employed in a similar manner as deseribcd below with respect to the 
exemplified compounds and conditions. For instance, in Scheme II below, a number 
of preferred sllane reagent substituents (Ri) that arc not displaced during the reaction 
arc depicted; a wide variety of other non-displaced substituents also may be 
employed. Scheme IT also depicts the particularly preferred nitrogen-containing 
templating reagent of 1,4-dtamhie phenyl, but a variety of other templating reagents 
also may bo employed. 
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Thus, as shown in the above Scheme II, reactive silajie compound R^-SiCb 
wherein RI is prelcrably the protected carfjocyclic oryl group shown In Scheme 1 
above, is admixed with the cmipound having multiple nitrogen groups (1 .4- 
diamiiK>phenyl}. $iihably« the silane and templating compounds are admixed at 
reduced temperatures e.g. 0**C or less and in a: suitable solvent such as leirahydrofuran 
or other ether, or an aromatic solvent such as tohiene, xylenes, and the f ike» 

Preferably the reaction is conducted in the presence of base^ e.g. an organic 
base such as trfethylamfoe. Suitably, the nlttpgen-contaioinfi compound can be added 
over time to a reaction vessel charged with one or more silane reagents. 

After tho reaction ackiition is complete, a slight molar excess (relative to silane 
reagent(s)) of water can be added to the reaction mixture to promote the seifsEissembly 
reaction* The reaction mixture then may be stirred and significantly neutralized by 
addition of water and dried, eg. by addition of anhydrous sodium sulfate with 
overnight stirring. 

Removal of the complexed nitrogen-containing templating reagent can be 
accomplished by the fbrther addition of water and base (e.g. an organic base such as 
triellQrlamine) and increased reaction temperature^ e,g. to above room temperature 
such as to about 40^C, SO'^C, 6(f C, 70**C or greater. The reaction mixture can be 
agitated at such elevated temperature until reaction completion, e.g. 12, 24, 26, 48, 74 
or more hours. At that pointy the reaction mixtucc can be neutraU^cd and the polymer 
isolated, washed and dried. See Example 2 which ifollows for cxemplaiy preferred 
reaction conditions. 

As discussed above, the protected ester (e.g. acetoxy) of the silyl compound 
can be deprotccted such as by basic hydrolysis after formation of the polymer to 
provided the earbocyclic aiyl alcohol, particularly the phenol as depicted in Scheme I 
above. 
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As referred to herein, alkyi groups typically have from 1 to about 16 carbon 
atoms, more pivferably 1 to about 8 caibon atoms, still more preferably 1» 2, 3, 4» 5, 
or 6 carbon atoms. As used heicin, the term allcyl unless otbcnvisc modiHed refers lo 
both cyclic and noncyclic groups, although of course cyclic groups will comprise at 
least three carbon ring members* 

Preferred alkoxy groups as referred to herein include those groups having one 
or moie oxygen linkages and firom 1 to about 16 carbon atoms, more preferably from 
1 to about S carbon atoms> and still more preferably 1 > 2, 3, 4, 5 or 6 carbon atoms. 

Prefmcd amine groups include aminoalkyl groups include those groups 
having one or more primary^ secondary and/or tertiary amine groups, and from 1 to 
about 12 carbon atoms, more preferably 1 to about 8 carbon atoms, still more 
preleiably 1 , 2, 3, 4, 5, or 6 carbon atoms. 

Suitable heteroaromatic groups as referred to herein may have one or more 
Jiised or linked rings typically 1 , 2 or 3 rings and at least one ring containing 1 , 2 or 3 
N, O or S atoms such as coumarinyl Including 8-coumarinyl, quinolinyl Including 8- 
quinoHnyl, pyridyl, pyrazinyl, pyrimidyl, foiyl> pyrrolyl, thienyl, thiazolyl, oxazolyl, 
oxidizolyL triazole, imidazolyl^ indolyl, benzofuranyl and benzothiazole, • 

Suitable carbocyclic aiyl groups as referred to herein include multiple ring 
compounds &at contain separate and/or fused aiyl groups. Typical carbocyclic aryl 
groups contain 1 to 3 separate or fiised rings and from 6 to about 18 carbon ring 
atoms. Specifically preferred carbocyclic aiyl groups include phenyl; naphthyl 
including 1-naphthyl and 2-naphlhyl; biphenyl; phcnanthryl; anthracyl; and 
accnaphthyl. 

As discussed above, polymers of the invention preferably comprise one or 
more icpesA units that comprise a photoacid-labile group. The photoacid-lablle group 
may be eg. linked to die deproicctcd hydroxy suhstituicnt of the carbocyclic aryl 
group incorporated into the polymer, eg. ihc ph<rtoacid-labile group may be grafted 
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onto the phenolic group of the polymer depicted in Scheme L. A& discussed above, 
thephotoacld-lflbiie group may be e.g. an ficid-4abilc ester. 'Itie photoacid-iabile 
group aiso may be e.g. an acetal group such as many be provided by reacdoo of a 
vinyl cthor with a hydroxy substituent of a polymer repeat unit 

As discussed, various polymer moieties may be optionally substituted . A 
"substituted" substitucnt may be substituted at one or more available positions, 
typically 1, 2, or 3 positions by one or more suitable grotqss such as e.g. halogen 
(particularly F, CI or Br); cyano; C|-s alkyl; atkoxy; Cm alkyllhio; Ci4i 
aikylsulfonyl; Cj^ alkcnyl; alkynyJ; hydroscyl; nitro; alkanoyt such as a 
alkanoyl c,g. acyl and the like; etc. 

Particularly prefenned polymer produccxl by methods of (he Invention Include 
those that contain one or more repeat xmits provided by monomers of the following 
fonnulae 1 and/brll: 




wher«^ R* is selected from (C,-Ci2)alkyl, substituted (Ci-Ct^lkyl, (C2- 
Qjalkenyl, substituted (C2-C6)alkenyl, phenyl, C6(R')5, (Ci^:5)alkyl(C6(R')4), (C,- 
Cs)alkyl(C6H402X vinyl and substituted vinyl; Z is selected from (Ci- 
Q)aIkyl5ulfonate ester or aiylsulfonatc ester; each is independently selected from 
H, F, (C|-C6)alkyl, {Ci-C6yalkoxy. halo(Ci-C«)alkyl, hydfoxy-halo<Ci<:6)alkyl or 
halo(Ci-C6)alkox)% 

each R* is independently selected from R' and OH; each R* is independently 
selected ftora H or F; each Is independently selected from H, F, CHj, CF3, CHF4. 
and CH2F; and m « 0-2. 



♦I 
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In those formulae I and ]]« when zn = 0» it will be appreciated that there is a 
chemica] bond between the silicon and the aromatic ring. It is preferred that m <- 0 or 
1 , and more preferably ra^\. In those formulae, by ^^substituted alky!** or 
"substituted alkenyr^ it is meant that one or more hydrogens of the alkyi or alkenyl 
group, respectively. Is replaced by one or more other substitucnts. Suitable 
substituents include, but arc not limited to, (Ci-Cft)alkyl; substituied(CrC6)aIkyl; (Cj- 
C6)alkoxy; alkoxycarbonyls having the general formula (R^O-C(0))- wherein ^ is as 
defined herein below; halo; haIo{C|-C6)alkyl such as trifluoromethyl; (Ci- 
Cio)alkyl$utfonate; and arylsulfonatc. Fluorine is a preferred halogen substituent 
Preferred alkyl and substituted alky I groups for rV are (Ci-C|o)a]kyi, substituted (Ci- 
Cia)alkyl, and (R'(W:(0))-(Ci-Ci6)aIkyJ, wherein is as defined herein below. 
Preferred substituted (C2-C$)alkcnyl groups for arc halo{Cr-C6)alkcnyl, and more 
preferably fluoro(C2-C6)alkenyL When R* is a (C,-C5)alkyI(QH40Z) group, as used 
herein, such Z is rofened to as an alkylsulfonato or arylsulfonato substituent, or 
allcmatively as alkylsulfonytoxy of arylsulfonyloxy substituent llie (C)- 
C«)alkylsulfonate ester or arylsulfonatc ester groups of Z may oplk>oally be 
substituted, such as by halogen, and particularly fluorine. Suitable groups where R' Is 
a (C|-C3)alkyl(C6H40Z) include, but are not limited to, phcnylsulfonatobcnzyl, 
phenylsulfonatophenylethyl, methylsulfonatobenzyl* ethylsulfonatobenzyl^ 
propylsulfonatobenzyl, trifluoromcthylsulfonatobenzyl, mcihylsulfonatophenylcihyl, 
tolylsulTonatobenzyl, tolylsulfonatophenylcthyl, camphorsulfooatobenzyl, 
camphorsulfottatophenylethyl« phenylsulfonatophen^l, metbylsulfonatophenyl, 
tolylsulfonat<^henyl» camphorsulfonat<^henyi, ethylsulfonatophenyl, 
propylsulibnatopheayl, triHtioromethylsulfonatophenyl. etl^lsulfbnatophenyleihyl, 
propylsulfonatophenyleihyl, trifluorometfiylsulfonatophenylethyl, and the like. Other 
suitable groups for include, but are not limited to, methyl, ethyl, trifluoromethyl, 
2,2,2-trifhioroethyl, pcntafluoroctfayl, phenyl, benzyl, phencthyl, tolyl, 
trifluoromethylphcnyl, melhoxyphenyl, irifhioromethoxyphenyl, norbomyl, 
cyclohexyU 1,2^-trifluorovlnyt, and the like, and preferably methyl, ethyl, 
triSuoromctbyl, 2,2,2-trifluQroethyl, pcntafhuMxiethyl, phenyl, benzyl, phencthyl, 
tolyl, tnfluoromcthylphenyl, trifluorometboxyphenyl, noibomyl, cyckshcxyl, and 
1 ,2,2>triiluorovinyi. Particulariy suitable monomers of formula II include, but are not 
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limitcd to, hydroxypheny!, hydroxybenzy! and hydroxyphenylclhyl* Suitable 
hydfoxy4ialo(Cj-C6)alkyl groups for R' include, bul are not Hmitcd to, •<:(CF3)20H, 

Photaimagcable compositions may be negative-acting or positive-acting. As 
discussed above» for positive-acting composition, the polymers typically further 
include one or more monomers containing an acid sensitive or cleavabic gn>up. Such 
acid sensitive monomers that may be polymerized to provide such groups include, but 
are not limited to. those of the formula III 



ivherein is an acid cleavabic group; each is independently selected from H, F, 
(Ci-C6)alkyi, (Ci-C6)alkoxy, hak){CrC6)aIltyl, hydroxy-haIo(Ci-C6)3lky< orhaIo(Cr 
C6)alkoxy; each R* is independently sekcfcd from H or F; each R" is independentiy 
selected from H, F, CHs, CF>» CIlFz, and CH2F; and p « 0-2, Preferably, p - 0 or 1, 



may be any suitable acid cleavabic group. Suitable acid cleavabic groups or leaving 
groups arc typically those that readily or fecilely form carbonlum ions aod include, 
but are not limited to: a) a group selected from -C(0)OC(Cn3)3; -CH(CH3)C)(Ci- 
C6)alkyl; -CH2C(O)0C(CH3)3; -CsHaO C^tctnihydropyianyn or lactones; b) an 
optionally substituted noncyclic aSkyI moiety having 6 or more carbon atoms, with at 
least 2 carbon atoms selected £mm secondary, tertiary and quaternary carbon atoms, 
and wherein the ether oxygen Is directly bonded to a qualcmaty carbon atom; c) 
optionally substituted fenchyl; d) optionally substituted phenyl; e) optionally 
substituted 3^0 bridged system; 0 optionally substituted bridged heteroattcyciic 
group; g) optionally substituted cycloalkyi group having 3 or 4 ring caHion atoms; and 
h) optionally substituted 2,2,1-bridged systems. Suitable lactones include those 
attached to the oxygen by a teitiary carbon, such as y-vtdcrolactone. 




ail) 



and more preferably p « I . It is preferred that is ethyl, propyl or cyclohexyl. 
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Suitablc noncycHc alkyl moieties as leaving groups include those that have 
one^ two or more tertiary carbon atoni% and/or Dne» two or more quatemaiy carbons. 
Refi»cnce$ herein to a ^'secondary'* carbon indicate (he carbon atom has two non- 
hydrogen substituents (ix. CHaRR* where R and R* arc the same or difierent and each 
is other ihan hydrogen); references herein to a "tertiary carbon indicate the carbon 
atom has three non-hydrogen substitucnts (i,e. CHRR*R'* where R, R' and R" are ihc 
same or different and each b odier than hydrogen)- and references herein to a 
•*quatcmaiy" carbon Indicate the carbon atom has four non-hydrogen substitucnts (i.e. 
CRR'R"R'" where R, R', R" and R*" are each the same or different and each is other 
than hydrogen). Sec, for instance^ Morrison and Boyd» Oi:ganic Chemistry, 
particularly at page S5 (3rd ed-, Allyn and Bacon), for a discussion of those terms 
secondary^ tertiary and quaternary- *s often prefiiwd that a quaternary carbon is 
directly linked (i.e, covalcntly linked with no other imerpose atoms) to the oxygen. 

Preferred acid cicavabte groups of the invention contain only saturated carbon 
atoms. Thus, o.g., in this prefcired aspect of tiie invention, the groups R, R', R**» R"' 
of the above formulae for secondary^ tcrtiaty and quaternary carbons of the groups 
(Le. the fonnulae CHaRR', CHRR'R", CRR'RI^^') are ejK* saturated alkyl. typically 
(Ci-Cio)aOcyI, more typically (Ci-C6)a1ky!, still more typically alkyt having 1, 2, 3 or 
4 carbons. Preferred aikyi moieties mciude those having 1 quaternary carbon linked 
to the oxygen atom of the ether linkage and one or more additional tertiary or 
quaternary carbon atoms and not more ihan a one single ring alicyclic group. 
Additional preiferred alkyl moieUes include those having I quaternary caibon linked 
to the ether oxygen atom of the linkage and one or more additional secondary carbon 
atoms and no more than one ring alicyclic groups. Opdmally, the ether group will 
contain only carbon and hydros atoms and be ftcc of double or triple bonds. More 
preferred allcyl moieties include those having one quaternary carbon linked to the 
ether oxygen atom of the linkage and one or more additional quaternary or tertiary 
caibon atoms and not more than a one single ring aHcyclic group. Optimally, the 
group will contain solely carbon and hydrogen atcons and be free of double or triple 
bonds. PaitieuJarly suitable leaving groups containing a quatemaiy carbon bonded 
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directly to the oxygen Include, bot are not Kmited to, those having the stnicittrcs of 
Formulae (TV) - (X), where refers to a polymer. 



(VI) 



(TV) 



(V) 




evil) 




(vin) 



ax) 




(X) 

Particularly suitable leaving groups having a quatentaiy carbon bonded 
directly to the ether linkage include, but are not limited to, 2,3-dimeUiyl'2-buiyl; 
2,3,3-4riniethyl-2-btt^l; 2-incthyl-24)U^l; S-incthyJ-3-pcntyl; 2,3.4-trimcthyl-3- 
pcnQrl;2.2»3A4-pcntamcthyI-3^entyl; I-jnethyl-I-cyclopcn^; l,2^inicihyM- 
cyclopcntylr l,2,5-triniethyl-ls:yc!opentyl; l^;i-tnmcihyl-cyclopentyl; 2;2,5,5- 
tctramcthyi-1-cyclopentyl; l-mcthyl-l-cyclohexyl; 1,2-dimethyl-l-cycIohcxyl; 
trimcthyt-l-cyclofaexyl; I,2A6-tetrameihyM-cyclohexyl; l,2,2A^P«3*i»niethyl-l- 
cyclohcxyl; and 2,4,6-triniclhyI-4-hcptyL 
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Additiona] preferred polymers produced by the methods of the mvention 
Inch^dc those that contain as polymerized units one or more mcwcRners of fbnnula I, 
one or more monomers of formula )I and one or more mcmomcrs of formula W 



wherein is selected from {CrCio)aJJcyI» substituted (C|-C|o)alkyl, (C2-C6)alkeny1, 
substituted (Ci-C6)alkenyl. phenyl, Ct,(R7)s, (C|<:s)alkyl(Co(R^)4), (C,- 
C$)alkyl(C6H4O20, vinyl and substituted vinyJ; Z is selected from (Cl- 
C6)a]kylsulfonatc ester or atytsulfonate ester; is an acid cleavabJo group; each R^ 
and is independently selected from il, F» {Ci^l^^Xkyl (Ci-C6)alkox.y» halo(C]- 
C6)a]lcyU hydroxy-hato(Ci-C6>a)kyI and halo(Ci-C6)aIkoxy; cadi R"^ is independently 
selected from R' and OH; each and R^ is indcpendenlly selected from H or F; each 
R^ and R*^ Is independently selectwi from H, F, CUj, CF3, GJlKz, and CH2F; m ^ 0-2; 
and p ^ 0'2, Particularly suitable polymers for use in positive acting pliotoiraagcable 
compositions arc those wherein m » 0 or t . More suitable arc those polymers wherein 
p = 0 or I, and preferabl^y p = ]. 

In those polymer, the R' group suitably lowers or helps control the dissohition 
rate, Ttius^ increasing the content of the monomers of formula I provides polymers of 
the present invention having decreased dissolution rate» as compared to the same 
polymer having a lesser amount of formula I monomers. 

In generaU the monomers of formulae I-Ilf may be polymenzed in any ratio to 
provide the polymers of the present invention. For example, monomers of formulae I 
and II may be used in any ratio of I:II from 99:1 to I;99. Monomers of formulae 1 and 
III may boused in any ratio from of 1:111 from 99:1 to 1:99- When tlie present 
polymers arc used in positive-acting photoiraageable composidons, it is prcicrrcd that 
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thc monomers of formula ill are present from 5 to 80%, based on the total molar 
percent of the monomers tised. 

'the silicon-containing polymers of the pres»it invention lypicalty have a 
motecttlar weight of 500 to 200,000 Daltonjs, and preferably from IWO to 100,000 
Dal ions. 

It will be sqpprcctated by tho$e skilled m the art that more than one silieon- 
eoniainfng polymer may be used In the present photoimageable eompositlons- Thus, 
ttic present photoimageable compositions may include one^ two or more siJicon- 
containing polymers. When two or more silicon-containing polymers are used, at 
least one is a silicon-conlaining polymer of the present invention- The remaining 
sUicon*-contalning polymers may be conventiana} sillcon^ntaining polymers or 
polymers of the present invcnUon. In this way, blends of polymers may be 
advantageously txsed in the present i*ioloimageable compositions. Such blends 
include blends of the present silicon-containing polymers with non-silicon-containing 
polymers. In these blends, any ratio of polymars is suitable. The specific ratio will 
depend upon the particular polymers ccnnbined and the characteristics (dissolution 
rate, etch resistance, photospeed^ etc.) desired and arc within the ability of one skilled 
intheart. 

A wide variety of photoactive components may be used in photoimageable 
composition of the invention, ineloding, but not limhed to, photoaeid generators and 
pholobase generators, Photoaeid generators are preferred. It will be appreciated by 
those skilled In that art that more than one f^otoaetive component may be used 
advantageously in the photoimageable composttions of the present Invention. 

Photot>asc generators useful in the preset invention are any compounds whldi 
liberate base upon exposure to light, typically at a wavelength of about 320 to 420 
nanometers, however other wavelengths may be suitable. Suitable fAotobasc 
generators include, but are not limited to: benzyl carbamates, benzoin carbamates, O- 
carbamoylhydroxyamines, O-carbamoytoxhnes, aromatic sulfiHjamidcs, alpha- 



( 57 ) JP 2004-38143 A 2004. 2. 5 



-19- 

lactams, N-(2<inylcthcnyl)amidcs, arylazidc compounds^ N-afylfonnamidcs> and4- 
(ortho-nStrophcnyl)dihydropyrfdines. 

The photoackl generators useful in the present invention arc any compounds 
which liberate acid upon e3q>05uie lo light, ^ically at a wavelength of about 320 to 
420 nanomclcrs. however other wavelengths may be suitable. Suitable photoacid 
generators Include halogenated triazincs. onium salts^ sulfonated esters and 
halogenated sulfonylcxy dicarboximfdcs. 

Paiticularly useful halogenated triazines mclude halomcthyl-s-triaamKss, 
Suitable halogenated iriazlncs include for example, 2-(lK3,4-bcnzodioxolyl))-4,6- 
bis(trichloionurthy)>l,2,5-trlazme,2-<H2,34jenzo^ 

bis(trichIofDmcthyl)-i;}»5*5azine,2KI-0^^-b<^^ 

bis(trfljfomomeihyl)-l,3,54ria7ine,2-(I-(23-ben2^ioxolyl)H 

bis(tribroraotnethy|)-] ,3,5-tria7ane. 2-(2-ftirfylelhylidene)^.6-bis(trich]oromcthyl)^ 

l,3,5^azinc. 2-<2K5-mcthylfiiry l)eihyndene)-4,6-bis(trichloroniediyO-U.5-^^ 

2-^2^4-mcthyl&ryl)caiyndencH.^-^Mtrichloromediyl)-l,3,5-4riM^ 

racthylfuiyl)cdiyIideneH,6'bMtrichIoroinethyO-l,3,5^ri^ 

dimcthyjruiyl)ettorljdenc)-4.5^»s(irichloromethyl)-l,3>^^ 

roeth03orfijryl)elhylidcne)-4.6-bis(trichlon>mclhyl)-U,^ 

mcthoxyluiyl)caiylTdeneH.6-bis(trichloromethyI)-l,3,5-tria2m^^ 

meihoxyfiiryI)cihylidene)-4,6-bis (trichlarometby1)-1.3>triaanc, 2-(2-(4,5- 

dimcdioxy-faiyI)ctbylidenc)-4,6-bis{trichloromeihyl)-l^,5-liiazine 

(urfytethylidcnc)A6-bis(tribraraometbyJ)-l3,5-trla74^^ 

methylfuryDcth(ylidene)-4.54)iXtribromomethyl)-lA5-tri^^ 

rthylWencH»6*»s(tnTiromomethyl^ 

4>bis(tribf™ion5ethy0-1.3.5-triaCTic,2-(2-(4.5-dimc^^^ 

bis(tribromomethyl).! ,3^-tna2ine, 2K2-(5-mcthoxyfuryl)cthyIidcne)-4,6- 

bis(tribromomeihyl)"l^»5-trla7:lne, 2-(2-(4~nriethoxyfuiyl)ethyKdCTe)-4,6-bls 

(iribromojneihyl)-! ,3,5-Uiazjne, 2-<2'<3-niettiaxyiutyl)eiby lidcoe)-4,^- 

bis(tnl>romoniethyl)-U,54rta7Jne,2-(2K4,5-^limeflioxyfuiy 

bis(trllwmomcthyI)-l^,5.trla2ine. 2»4.6-trb-(lrichlofomethyI)-l,3^-tfiazine, 2,4,6- 
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tns-(tribronioincthyl)-l ,3i5-triazine» 2-phenyl-4,6-.bis(trichloroniethy])- l,3,5-tria2ine^ 
2-phenyM,6-bi$(tnbroinomethyl)'! ^,5-triazmc, 2-<4-niClhoxyphcoyl)-4»^ 
bis(trichloromethyl)-I,3,5-^:riaxinc»2-<4-melhcixyphenylM^ 

l,3,54riazinc, 2-^1-^idphthy]H,6-bis(trichlort>mctbyl>l,3^-triazinc, 2'<I-ndphtlQi)- 
4.6-bis(lribromomethyl>l ,3,5-triazinc, 2'(4-nielhoxy''l-naphthyl)-4,6- 
bi5(trichlorome!hyl)-l,3,5-1riazinc, 2-(4Hnielhoxy- J -naphlhy})^,6- 
bis(tribrojnom6thyl)-i,3,5-tria2!nc, 2-<4-chroropheiiyI)-4,6-b«(lraTOmomethy1)-l ^,5- 
triazine, 2-siyjyl-4,6-bis(trichloromeihyl}-I,3,5-tna2lnc 2-styfyl-4,6- 
bis(tnT>KanomctlQrl)-l ;3»5-trtaidn«, 2-(4-mctfioxystyTyl)-4,6-b!s(trichloromethyO- 
1,3,5-lriazuic, 2-<4~mcthoxystyiyl>4»6-bts(tribromonticthyl)-U3,5-triazlne, 2-'(3,4,5- 

triiTiethoxystyiylH>^-bis(trichloromcthyl)-l3,5-triazinc,2K3A 
4,6-bis(Uibit>momcthyi)'l,3,5-lria2ine, 2-(3-chloro-l-phcnyJ)-4,6- 
bis(tricbIoromcthyl)-l,3,5-lrla7Joe, 2<3Kihlo«ophenyO-4,64>is(tfjbrc^^ 
tnazine and the like. Other tria^fnc type photoacid generators usefiit in ihc present 
invention dre disclosed in US Patent. No. Sp66,S46, herein incorporated by reference^ 

The s-triasdnc compoonds are condensation reaction products of certain 
methyI4i2doa)cthyl-^-friazlnc5 and certain aldehydes or aldehyde derivatives. Su^ 5- 
triazine compounds nmy be prepared according to the procedures disclosed In CS. 
Pat. No. 3,954,475 and Wakabayashi et al.> Bulletin of the Chemical So<aety of Japan. 
42, 2^4-30 (1969). 

Onium salts widi weakly nucleophilic anions are particularly suitable for use 
as photoacid generators in the present invention. Examples of sudb anions are the 
halogen complex anions of divalent to heptavalent metals or non-metals^ for example 
antimony, tin, iron> bismuth, aluminum, gallium. Indium, titanium* zirconium, 
scandium, chromium, hafnium, copper, boron, phosphorus and arsenic. Examples of 
suitable onium salts include, but am not limited to: diaryl-diazonhun sahs and onium 
salts of group VA and B, !f A and B and I of the Periodic Table, for examplp, 
halonium salts, quaternary ammonium, phosphonium and arsonium salts, aromatic 
sulfonium salts and sulfoxonium salts or selenmm salts. Examples of suitable onium 
are disclosed in US Patent Nos. 4,442,197; 4,603,101; and 4,624,912, all Incorporated 
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hcrcln by reference. Suifonlum salts such as triphenylsulfonium hexafluorophosphatc 
arc preferred. 

The sulfonated esters nsefiil as photoacid generators in the present invention 
include sulfonyloxy ketones. Suitable sulfonated esters include, but are not limited to: 

benzoin losylate, t-butylphenyl alpha-{p-toluenesulfonyloxy)-acctate, and t-butyl 
alj^-<p-toluenesulfonyloxy)-acetatc. Such sulfonated esters are dt&closed jn the 
Journal of Phc t opolvmer Science and Technol ogy, vol. 4, No. 3,337-340 (1991), 
incorporated herein by reference. 

Suitable halogenatcd sulfonyloxy dicaiboximidcs useful as photoacid 
generators in the present invention include^ but are not limited to: 
l(((trifluoromeihyI)sulfonyl)oxy)-lH-pyrrole-2,$-dionc; N- 
((perf1uorooctanesulfonyl)o>o^)-5-norbornene-2,3-dicailK>ximide; N- 
((lrifluoronicthylsulfony0oxy)-5-norbomcne-2,3-dicarbox}midc; 1- 
(((trifluoromethyi)sulfooyl)oxy)-2,5-pynoIidinedionc;3a,4,7,7a'tetrahydr^^ 
(((iiifluoromcihyl)sulfonyOoxy)-4J-mcthano-lH-isoW^ 

(((tn'i1uoromcihyOsuIfonyl)oxy)-lH4>en2(Oisoind^^^ 3,4-dimcthyH- 
(((trifluoromethyl)sulfonyl)oxy)-IH-pyrTolC'2,5-dione; 2- 

(((trifluoromcthyl)suifonyl)oxy)-lH-isoindole-U3(2H)-d>on^; 2' 
(((triflaofomethyl)sulfonyl)oxy)-lU-ben2(de)isoquinolinc-l,3{2II>dIone;4,5^ 

li^rahydr<>-2-(((trifluoromethyl)sulfonyl)oxy).ni-!Soindole-l^(2HH^ 3a,4,7.7a- 

tctrahydra-2-(((trifluoromethyl)5ulfonyl)oxy)-4,7-epoxy-lH-isolndole-l,3(2f^ 

2,6'bis-(((irifluoromethyI)sulfoiiyI)oxy)4jcnzo()^-<::4,5-^ 

ti^rone; hexahydfO-2,d-bis-(((trifluorain«hyI)sulfonyl)oxy)-4,9-mcthano-lH 

pyiroIo(4,4-g)isoquinolinc-M,5,7(2H^aH»6I^tetrcinc; l,S.8-lriniethyI-3- 

(((trifluoiomethyl)sulfonyI)oxy)-3-a2abicyclo(3.2. l)octane-2,4-dione; 4,7'dihydrQ-2- 

(((u^fhJO^Qmethy^)sdfonyl)oxy)-4J-epoxy-ll^i$oindole-l>3(2H)-dJonc; 3-<l - 

iiaphthalenyl)-4-phciiyl-l-(((lriQuoromelhyl)sulfonyl)oxy)-lH-p^ 

3,4-diphcnyl- 1 --({(trlfluoromcthyl)sulfonyj)oxy)-l H-p>trole-2,5-dione; 5,S'-(2A2- 

trinuoro-KtriflluonMnethyI)ethy]idcne)bis(2K((trifi 

jso!ndole-l,3(2H)-dlone;tctrahydro-4-(((trifluoromethyl)suIf^ 



( 60 ) 



^JP 2004-38143 A 2004.2.5 



-22- 

2H-oxiTeno(f)isoindole-3,5(1 aH,4H>djone; 5,5*-oxybis-2- 
(((trifluoromethyl)sulfonyOoxy)-lU-isoindofc-l,3{2H)-dIone;^ 
(((trifluon}mcthyl)sulfbnyl)oxy)-]H*isomdolc-l,3(2l1)^ione; 3,3,4,4-tctr»niethyl-l- 
(((trifluoromcthyl)sulfiHiy !)o:^)-2»5-pytTDli<]incdione and mixtures thereof It Is 
preferred that the hatogcnated sulfony bxy dicarboximidcs comprise one or more of 
I (((tri nuoronicthyI)sul foJiyI)oxy)-I H-pyiro !e~2,5-dione; N~ 
((perfluorooctancsulfonyl)oxy)-5 -norboracne-23-dicarl)Oxim!dc; N- 
((triflaoromethyIsuIfboyl)oxy)-5-^orbornene-23^icarboxiinide and l- 
(((lri£IUQronnethyQsulfonyl>oxy)'-2y5>pyrrolidinedlonc, and more preferably H~ 
((perfluorooclanesuf fonyl)oxy)-5-norbomene-*2»3-dicaft»oximide or N- 
((trjfliioronicthylsu}fDnyI)oxy)-5-norborneiie'2,3Hjicarboxin)kSe« 

In po3itive*act!ng systems of the prt:scnt Invention* the photoactive 
components are typically added to phototmageable compositions in an Amount 
suHicic&t to generate a latent image in a coatii^ layer of resist materia] upon exposure 
to activating radiation. When the photoactive component is a photoacid generator, the 
amount is typically in the range of 0.1 to 1 0 percent by weight, based on the weight of 
the resm, and preferably I to S percent by weight 

In negative-acting sysLems of the present invention, the amount of photoactive 
component useful is any amount suflicicxit to catalyze cross-Iinkbg of the silicon* 
containing polymer or oligomer. The photoactive components arc typically used in 
the range of 0.1 to 25% by weight, based on the weight of the composition. It is 
prefenned that the photoactive ewnponent is present in an amount in the range of 0.1 to 
1 5% by weight, more prefembly in the range of 0. 1 to 12% by weigjst^ and still more 
"l^fenibly less th^ or equal (d~5% by Wergfai;,"A p^rtl^liurly suit^lemngc is from 
O.l to 5% by weight 

Thib compositions of the present invention may optionally contain one or more 
organic cross-linking agents. Negative-acting systems of the present invention 
preferably include one or more cross-linking agents. Any aromatic or aliphaljc cross- 
linking agent that reacts with the silicon-contafaing polymer or oHgomer is suitable 
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for use in the present invention. Sndi oi^anic cross-linking agents will cure to Vom a 
polymerized networic with th^ ^iicon-containlng polymer or oligomer, and reduce 
soltibilfty in selected solvents. Such oi^ganic cross-linking agents m^ be monomers 
or polymOT. It will be appreciated by those skilled in the art that combinations of 
cross-linking agents may be used successfully in the present invention. 

Suitable organic cross-linking agcnis useful in the present invention include, 
but are not limited to: amine confainmg compounds, epoxy containing materials, 
compounds containing at least two vinyl ether groups, allyl substituted aromatic 
compounds, and combinations thereof. Preferred cross-Hnking agents include amine 
containing compounds and epoxy containing materials* 

llic aroioc containing compounds useful as cross-lmking agents in the present 
invention include, but are not limited to: a melaminc monomers, melamine polymers, 
alkylolmethyl melamines, benzoguanamine resins, benzoguanaminc-formaldehyde 
resins, urea-fbnnaldchyde rcdns, glycoluril'formaldehyde rosins, and combinations 
thereof. These resins may be prqpared by the reaction of acrylamide or 
mcthaciylamide copolymers with foraialdehydc in an alcohol-containing solution^ or 
alternatively by the coi>olymerizaiion ofN-alkoxymeihylacrylamlde or 
methacrylamide with other suitable monomers. Particularly suitable amine-based 
crosslinkers include the melamines manufactured by Cytec of West Paterson, New 
Jersey, such as Cymel« 300. 301, 303, 350, 370, 380. 1 1 16 and 1 130; 
benzoguanamine resins such as CyMEL"f*< 1123 and 1125; the gSycoIunl nssins 
CYMELW 1 170, 117 1 and i 1 72; and the uiea-based resins BEETLE^ 60, 65 and «0, 
also available ftom Cytec, West Paterson, New Jersey, A lar^ number of sunllar 
amine-based'compoundsnarB commercially available from various suppliers. 

Melamines are die prefened amine-bascd cross-linkers. Particularly preferred 
are alkylohnethyl melamine resins. These resins are typically ethers sudi as 
trialkylolme^yl melamine and hexaalkylolmetfayl melamine. The alkyl group may 
have from 1 to S or more caibon at<»ns but is preferably methyl. Depending upon Ae 
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reaction conditions and the concentration of formaldehyde; the methyl ethers may 
react with each other to torn more complex units. 

Particularly suitable amine-based cross-Unking agents include those of 
fonnula IV 



wherein and arc independently selected from (Ci'C6)alkyl and phenyl, 
Prefcitcd aXkyi groups for R" and R*^ arc methyl and prenyl. 

Epoxy containing materials useful as eross*1iiikcrs in the present mvcntion an» 
any organic compounds having one or more oxirane rings that are polymerizabic by 
ring opening. Such raatcri als, broadly called epoxides. Include^ but are not limited to: 
mooorowc epoxy corapoonds, and polymeric epoxides that may be aliphatic, 
cycloaliphatic, aromatic or heterocyclic. Preferred epoxy cross-linking materials 
general^, on average, have at least 2 polymerizabic epoxy groups per molecule, 'fhc 
polym^c qxMcldes include linear pob'mers having temiinal epoxy groups (c-g., 
diglycidyl ether of a polyoxyalkylene glycol), polymers having skeletal oxirane units 
(e.g,, polybutadicne polyepoxlde), and polymers having pendant epoxy groups (c-g., 
glycidyl mcthacjylatc polymer of copolymer). The epoxides may be pure compounds 
but are generally mixtures contaiiung one, two or more epoxy groups per molecule. 

Usefiil epoTQH^ntaming materials may vary from low molecular weight 
monomcric materials and oligomers to relatively high molecular weight polymers and 
may vary greatly in the nature of their backbone and substituent groups. For example^ 
tlic backbone may be of any type and substituent groups may be any group free of any 
subsdtuents inactive with an oxirane ring at room temperature. Suitable substitucnts 
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include, but are not limited to: halogens, ester groups, ethers, sulfonate groups, 
sDoxanc groups, nitro groups, phosphate groups, and the like. 

Particularly useful cpoxy containing materials in the present invention include 
glycidyl ethers. Examples arc the glycidyl etheis of polyhydric phenols obtained by 
reacting a polyhydric phenol with an excess of chlorohydrin such as epichlorohydrin 
(e.g., the diglyctdyl ether of 2»2-bis-(23-epoxypfopoxyphenol)pinopane). Such 
glycidyl eth« include bisphcnol A epoxides, such as bisphcnol A cthoxylatcd 
dlcpoxtde. Further examples of qpoxidcs of this tyjp& arc described in U.S- Pal. No. 
3,01 8,262, herein incorpomted herein by reference to the extent this patent teaches the 
preparation of sach epoxides. 

Suitable epoxides useful in the present invention include, but are not limited 
to: epichlorohydrin, glycidol, glycidylmeihaciylate, the glycidyl ether of p- 
tertiaiybutylphcnol (e.g^ those available under the tracks name IvW-REZ 5014 from 
Celancse); diglyci^yi ether of Blsphenol A (e^^ Ihosc available under the trade 
dcslgnalk»is£pON 828, EPON 1004 and Epok 1010 from Shell Chemical Co.; and 
DER-33 1, DER-332 and DER-334 from Dow Chemical Co.), vinylcyclohexcnc 
dioxide (e.g., ERL-4206 from Union Carbide Corp.), 3.4-epoxy-5-methyI- 
cyclohexylmcthyl-3.4-cpoxy-6-mcthy]cyclohexene caiboxylate (c.g.. ERL^420l fhrni 
Union Carbide CoipO> bis(3,4-cpoxy-6-methylcycIohcxylmcthyl) adipate (e.g., ERL- 
4289 from Union Caibidc Coip.)f bfe(23-cpoxycyclopcfttyl) ether (e.g.. ERL-0400 
fkom Union Caibidc Coip.), alifAalic epoxy modified with polypropylene glycol (eg., 
ERLf4050 and ERL-4269 from Union Caibldc Corp.), dipcntenc dioxide (e g., ERL- 
4269 from Union Carisidc CoipJ, flame retardant epoxy resins (e.g^ DER-580, a 
brominated blsphenol type epoxy resin available from Dow Chemical Co.), 1,4- 
butancdiol diglycidyl ether of phcnolfoimaldehydc novolak (e.g., DEN-431 and DEN- 
438 from Dow Chemical Co\ and resorcinol diglycidyl ether (e.g., KOPOXrrE from 
Koppers Company, Inc.). 



Compounds containing at least two vinyl e^cr groups include, but are not 
limited to dhrinyl ethers of aliphatic, cycloaliphatk. aromatic «r aialiphatic diols. 
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Examples of such maleriais include divfnyl ethers of aliphatic diols having from 1 to 
12 carbon atoms, polyethylene glycols, propylene glycols, polybutylene glycols, 
dimediyicyclohcxanes, and the like. Pmttculariy useful eompoutids having at least 
two vinyl ether groups include divinyl ethers of ethylene glycol, trimethylene-1,3- 
diol, diethylene glycol, triethylcne glycol, dipropylene glycol, trlpropykne glycol, 
res(Kicinol, BIsphcnol A, and the like. 

Suftable aflyl substituted aromatic compounds useful as cross-linkers In the 
present invention arc those containing one or more allyl substitiu^ts. that Is, the 
aromatic compound is substituted at one or more ring positions by the altylic carbon 
of an alkyl^c group). Suitable allyl aromatics include allyl phenyl compounds, such 
as an allyl phenol. An allyl phenol crosslinker can be a monomer or polymer that 
contains one or more phenol units vdiem the phenol units are substituted at one or 
more ring positions by an altylic carbon of an alkyfene group. Typically the alkylene 
substituent(s) is propenyl, i.e,, the phenol has one ot more propenyl sub5tltttents> 
Preferred allyl phenols include a polycondensate of phenol and hydroxybcnzaldchyde 
and an ailylhalide such as allykhloride. A number of suitable allyl phenols are 
commerdaiiy available, for example the allyl phenol sold under the trade name 
niEIRMAX SH-I50AR by Kennedy and Ktim^ Inc. (LItUc Silver, RI.}* Ally I f^ienyj 
compounds including allyl phenols are also Scribed in US. Patent No. 4,9^7,264^ 
herein incorporated by reference to the extent thi^S patent teaches the proration of 
such compounds. 

Particularly suitable organic cross-linking agents Include those containing one 
or more mcdioxyraethyl groups, such as mcthos^netliyl-substitiitcd melamines and 
mcthoxymethyl-substituted glycourils such as tijose of formula IV, above. 
Hexamethoxymcthylmclamine is a preferred methoxymethyl-substitutcd mclamine. It 
Is further preferred that one or more of the hydrogens of the organic cross^linking 
agent, and more preferably one or more of the methyl hydrogens in the 
mctho)Qinethyi substitucnt, Is substituted with a halogen* prefembly fluonne. Thus» 
preferred cross-linkers molude those containing one or more methoxyfhioromcthyl 
and^or mechoTQrdifluortxncfhyl substftucnts. Exemplary preferred fluorinated cross- 
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linkmg agents include methoxyfluoromethyl- and mcthoxydifluoTOxncthyl-substitatcd 
melamincs and glycourils, such as hexamcthcuQrfluoTOincthylmelatnme and 
hexamethoxydifluoronkcthylmelamine. Also suitable arc fluorinated cpoxy cross- 
linking agents. For certain applications, it is preferred that the cross-linking agent is 
fluorinated* 

The compositions of the present invention may suitably comprise only a singfe 
type of onganic cross-tinker, e.g^ only an amine containing cross-linker, or may 
contain two or more different cross-iinkers. When a combination of organic cross- 
linkers is used In the present invention, it is fnrcfcrrod th^ the combination include an 
amine containing compound and an epoxy containing compound. The concentration 
of organic cross-linking agents in the compositions of the present invciitjon may vary 
within a relatively wide range. It will be appreciated by those skilled in the a/t that 
suitable organic cross-linker concentrations will vary with factors such as cross-linker 
reactivity and specific application of the composition. Typically, the cross-linking 
agcnt(s) is present b an amount In Iho range of 0.1 to 80% by weight, based on the 
total weight of the composition, preferably in the range of 0.5 to 50%. and mote 
preferably in the range of 1 to25%e It is preferred that a cross-linking agent is used In 
the compositiOTS of the present invention. 

The photoimageable compositions of the present invention may optionally 
further include one or more additional components, including, but ikot limited to, 
solvents, anti-striation agents, plasticizcrs. surfectants, base additives, speed 
enhancers, fillers, dyes and the like. In positive-acting systms, a base additive is 
typically used to adjust the phoiospced of the composition* Such opttond additives 
will be present In relatively minor concentrations in a photoresist composition except 
for fillers and dyes which may be used in relatively large concentrations, e.g. in 
amounts of fiom about 5 to 30 percent by weight, based on the total wciglit of the 
composition's dry components. 



ITic photoimageable compositions of the present mvcntion may be readily 
prepared by those ^Ued In die art. For example, a photoresist composition of the 
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invenlion can be prepared by dissolving the coiwponcnts of the photoresist, i.e. 
poiymer binder and photoactive component, in a suitable solvent. Such suitable 
solvents inchidc, but are not hmited to: eihyl lactate, ethylene glycol monomctbyl 
eUicr, ethylene glycol monomcihyl ether acetate, propylene etycol motiomethyl ether, 
propylene glycol raonDmcihyl ether acetate, 3-cthoxyc(hyl propionate. 2-hcplanone. y- 
butyrolactonc» and mixtures thereof 

Typically, the solids content of the photoresist composition varies from about 
5 to about 35 percent by weighs based on the total weight of the composition. The 
resin binder and photoactive components should be present in amounts sufficient to 
provide a film coatfog layer and fonmation ofgood quality latent and rcficfimages. 

Such photoresist compositions may be applied to a substrate by any known 
means, such as splnnhig, dipping, roller coating and the like. When the compositjons 
arc applied by sp&i coating, the solids content of the coating solution can be adjusted 
to provide a tfcsired fibn thickness based upon the specific spinning equipment 
Utilized, the viscosity of the solution, the speed of the spinner and the amount of time 
allowed for spinning. 

As discussed above, the present photoimageable compositions ar^ pardeularly 
suitable for use as a top layer in a bflayer photoresist system. In such a system, a 
bottom layer of a conventional photoresist, such as novolac polymer based resist, inett 
polyaryfether^lfonc copolymer based resist or a novolac or polyhydroxystyrene- 
based thermally cross-linkable system. Such bottom layer is typically applied to or 
coated on a substrate using any of the above descr3>ed procedures. The bottom layer 
is then hard baked such as at 230** C for 2 minutes, after which the present 
photoimageable compositions are coated on the cured bottom layer. The bottom 
layers preferably contain an amount of a U V absorbing component, such as an 
anthracene dye, suflicicnt for optical density and etch performance. The bottom 
layers typically have a tihickncss of fi^m 0.4 to 1 i^m. Hie top layer of the present 
photoimageable compositions is typically from 0.05 to i pm thick, preferably from 
0. J to 0.5 ^aa, and more preferably from 0.1 to 03 pro. 
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Ailcr bciag coated on the bottom layer, the present pliotoimageable 
coin]>05ition top layer is dried by beating (baktxO to remove any solvent. It is 
pneferabiy dried until the coating is tack fica Thereai^er, it is imaged cbiou^ a mask 
in a conventional manner. The exposure is sufficient to efleclively activate the 
photoactive component ofthc photoresist to produce a pancmed image in the resist 
coating layer, and more specifically, the exposure energy typically ranges jfrom about 
1 to 100 mJ/cm^ dependent upon the exposure tool and the components of the 
photoresist composition. 

The photoimageable compositions ofthc ^scnt invention may be activated 
by a variety of exposure wavelengths, such as 248, 193, 1 57 nm and 11 -1 5 nm. 
However, the photoimageable compositions oflho present invention may be used with 
otiier radiation sources, such as, but not limited to, visible, e-bcam, ion^jeam and X- 
ray. 

Following exposure, the film top layer of tiie composition is preferably baked 
at temperatures ranging from about 70^ C to 160" C. lliereafter, the top layer fibn is 
developed to form an etch pattern. The exposed resist film is rendered po»tive 
working by employing a polar developer, preferably an aqueous based developer, 
sudi as quaternary ammonium hydroxide solutions, such as tetra-alkyi ammonitmi 
hydroxide, preferably a 0.15 to 0.26 N tetramethylammonium hydroxide; various 
amine solutions, such as ethylaroino, n-propylamlne, dicthylamtnc^ trlethylamine or 
melhyl dicthylaminc; alcohol amines^ such as dicihanolamine, tricdianolamine; cyclic 
amines, such as pyrrole, pyridine, and the like. One skilled in the art will appreciate 
which development procedures should be used for a given system. 

The pattern is next transferred to the underlaycr or bottom layer by etching, 
such as with an oxygen reactive ion etch process. After such processing, the resists, 
both top and bouom layers, may be removed from tlie processed substrate using any 
stripping procedures known in the art 
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Tlic present photoirnageable composilions arc uscM in all applicaUons where 
photoresisis arc typically used. For fexampio, ihc compositions may be applied over 
silicoD wafers or silicon wafers coated with silicon dioxide for the production of 
microprocessors and oiher integrated circuit ecHnponcntS- Alummunj-aliiniinum 
oxide, galHum arsenide, ceramic, quartz, copper, glass, spin-on organic dielectrics, 
spin-on or chemical vapor dqjositcd inorganic dielectrjcs, and the like are also 
suitable employed as substrates for the ptotoresist compositions of the invention. 
Other chemical vapor deposited layers, such as cap layers, etch stops and the f ike, 
may also be txsed as substrates. 

Alternatively, the present compositions may also be used in optoelectronics 
applications, such as In the manufacture of optical waveguides^ By "optical 
waveguide*^ is meant any device that transmits c^ttcal radiation across a two- 
dimensional substrate surface. Suitable optical waveguides include, but are not 
limited to, splitters, couplers, spectral filters, polarizers, Isolators, wavelength division 
multiplexing struciwrcs, and the like. Such waveguides may also contain active 
Ainetionaltty, sudi as amplification and switching such as with elcctro-optic, thcrmo- 
optic or acousto-optfc devices* To be useful as amplifiers, the present waveguides 
tjTpically contain one or more dopants. Hrbium is an exemplary dopant. Such dopants 
are well known In the art, Thus, the present waveguides suitable for use as amplifievs 
contain <Hie or more dopants. 

The waveguides of tiic present invention may be manu&ctured as individual 
waveguides or as an airay of waveguides. Whether such waveguides are prepared as 
an array depends on the particular use and is within the ability of one skilled in the art 

In one embodiment, optical waveguides may be prepared by first disposing a 
I^cr of the present compositions on a substrate by any means including, but not 
limited to, sciieen coating {or screen printing), curtain coating, roller coating, slot 
coating, spin coating, flood coating, electrostatic spnty, spray coating, dip coating or 
as a dry film. When the compositions of the present invcrnlion are spray coated, a 
healed spiay gun may optionally bo used. The viscosity of the composition may be 
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adjustcd to meet the requirements for each method of application by viscosity 
modifiers, thixotropic agents, fillers and the like. Any substmtc sxiitable for 
supporting a waveguide may be used with the present composilions, Suitable 
substrates include^ but arc not Umitcd to, substrates used in the manufacture of 
electronic devices such as printed wiring boards and integrated circuits. Particularly 
suitable substrates include Jaminate surfaces and copper surfaces of copper clad 
boards, printed wiring board inner layers and outer layers, wafers used in the 
manufecturc of integrated circuity liquid crystal display ("LCD**) glass substrates and 
the like. 

The coated substrate is typically then cured, such as by baking, to remove any 
solvent. Such curmg may be a variety of temperatures, depending upon particular 
solvent chosen. Suitable temperatures are any that arc sufficient to substantiaily 
remove any solvent present Typically, the curing may be at any temperature from 
room temperature (i.c-, 25° C) to 1 70* C. Such curing typically occurs over a period 
of fiom 5 seconds to 30 minutes. Such curing may be afifectcd by hcalmg the 
substrate in an oven or on a hot plate. 

After curing, the layer of the present composition disposed on the substrate is 
then imaged by exposure to actinic radiation through appropriate artwork or a mask. 
Following exposure, the composhion is then cured at a tempcraUire of from 40'* to 
1 70* C. Curing time may vary but is generally from about 30 seconds to aboui 1 hour. 
While not intending to be bound by tbeoiy, it is believed that i^n e?q>osure to actinic 
radiation the silsesquloxano oligomer cross-links, partlcubrfy with the optional cross- 
linking agent The exposed areas arc rendered less soluble dian the unexposed areas. 
Thus, the unexposed areas may be removed, such as by comact with a suitable 
solvent, aqueous dcvcfc^ or solvent-water mixture, kaving only the c;q>oscd areas 
remaining on the substrate. Suitable aqueous developers include alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide in water as well as 
tetraalkylaminofdum hydroxide in water. Such developers are typically used in 
concentradons from 0.1 to 03 N, such as Q.IS to 0^6 N tetramethylammoninm 
hydroxide in water. The choice of develc^ Is well wiihm the ability of those skilled 
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in the art. Such development may be at n vancty of tcmpet^tmes such as from room 
temperature lo about 100» a The time of such development depends upon the 
material to be removed and the tcmpcrtiurc used, but is generally fiom about 10 
seconds to about I hour. 

Following development, the present waveguides may undergo a final cure 
sie^, orre-flow step. In such final cure step, the waveguides may be heated at a 
temperature in from about 130- to 225*^ C hi air or Inert atmospheres such as nftrogen 
or argon. Such final cure step aids In removal of residual solvent, removal of 
hydroxy] groups from the sjlsesquioxane polymer such as by increasing the extent of 
cross-linkin& alter the waveguide profile such as to reduce surface roughness, and 
improves the optical transmission properties of ihe material. 

Optical waveguides typically have a core and a cladding, wheicm the cladding 
has a lower index of refraction as compared to the coic. Particularly uscfiil 
waveguides have core having an index of rcfracHon of ^m 1 A lo 1^5. Typically, 
suitable cladding has an Index of reiractjon of fiom 1 .3 to 1 ^4. 

It Is prefciTCd that a cladding layer is first deposited cm a substrate. If the 
cladding layer is photocurable or thermocurablc, it may be blanket cured as a first 
siep. The photodelinable core material is then deposited on the cladding layer* 
imaged and the unexposed areas optionally r<^oved. A second cladding layer is then 
deported on the imaged waveguide. The second cladding layer may be the same or 
diff«^t from the first cladding layer. However, the indices of refection of the first 
and second cladding layers should be the same. The second cladding layer is then 
cured, or imaged in the case of a photocurable cladding composition, lo provide a 
waveguide stnicture. 

The silsesquloxanc oligomers and polymers of the piescat invention are 
suitable for use in the cladding and/or core of the present optical waveguides. 
Preferably, the present photodefinable compositions are used to prepare cores for 
optical wavegukfes. It will be appreciated that the refractive index of a 
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photodcfinabic composition including a present silscsquicxaije oligomer and one or 
more orig^lc cross-linking agents may be raodified by changing the amount and type 
of the one or more cross-linking agents selected and/or photoactive component. Thus, 
the present compositions may be useful as core or cladding material depending upon 
the ^pe and quantity of cross-litiktng agents selected. 

AJI documents mentioned herein are incorporated herein by lefercncc. The 
following noQ-lxmiting examples are illustrative of the invention. 

Example 1 : Synthesis of silanc monomer of a-methyl, 4-acetoxybcn2yl 
trichloro^fane 

A 50 ml 2 necked round bottomed flask cquin>ed witfi refluxing condenser 
and an addition funnel is flushed with nitrogm for 10 mtnules and charged v/hh 10 
mg of Pd(OAC)2 and 40 mg of tripfaenylphosphine and 10 mi of toluene. The mixtuie 
is stirred at room temperature. 2 g of p-acctoxystyrene is added (aJ! at once) to the 
clear solution foUowed by dropwise addition of 4.5g trtchlorosilane. The whole 
mixture was stirred at 50**C for 10 hours after which solvent and the unreactcd starting 
materials removed by distillation. The cnide product of ct-methyl, 4'acetoxybcn2yl 
trichlorosilane is evaluated by *H and ''C NMR and produced in 95% yield. 

Example 2: Polymer synthesis usmg a-mcthyl, 4-acetoxyben2yt tfic*f orosilanc 
A solution of known amounts of U4-phciiyIcnediaminc» triethyiamme and 
excess TWF arc added drop wise to a throe necked flask containing known amount of 
a-melhy1, 4-accto3qrbenzyl trichlorosilane in known amount of toluene at-15**C.This 
solution is stiired for 30 min at low temperature (-iS'^C) after which a known amount 
of water and triethylaraine and THF are added drop wise to the Xlask at -5**C, This 
mixture is stirred at this temperatuic Ibr additional 3 h then washed with vvaler until 
neutral and dried with anhydrous sodium sulfate overnight. 



The Onai solution from the above reaction is stirred in the presence of 
molecular sieves (4 angstroms) and a catalytic amount of tnclhylamine at 50*'C for 72 
h. After 72 b. the polymer solution is washed with water until neutral and the solvent 
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was distilled off. Tlic solid polymer was dissolved in minimum amount of THF and 
precipitated in water (twice) and dried In vacuum at SO^'C for 24 h. 

Example 3: Kiotoresist preparation and lithographic processing. 

A preferred bilayer resist composition was prepatt^ and processed as follows- 

Top la yer 

The top resist layer was formulated at 1 0 weight percent solids. The following 
components were admixed to provide the resist composition: polymer, base additive, 
sur&ctan^ and photoacid generator component. 

Polymer, base additive Cfrogcr's base) and surfactant surfactant) are 

added as solutions of propylene glycol methyl ether acetate (PGMEA). The 
photoacid generator is added as a solution in ethyl lactate. The final solvent blend of 
the formulated resist was 9Q;10 v/v PGMBA:ethyI lactate. The polymer is as 
produced in Example 2 above. The photoacid generator component consists of MDT 
in an amount of 6.5 weight percent of total solids (all resist components except 
solvent) and t-butylphenyldiphenyl sulfonium lrifluon>bcnzencsulfonate in an amount 
of Z9 wcsight percent based on total solids. The base additive (Troger's base) Is 
present in an amount of 0.5^3 weight percent based on total solids. The surfictant (R^ 
0«; from 3M) is present In an amount of 0.2 weight percent based on total solids. 

B ottom layer 

The bottom layer composhion is fomiutated at 18.26 weight percent solids. 
AH components arc added as solutions in either PGMEA or ethyl lactat*^ with a final 
solvent blend of 80:20 v/v PGMEA:ethyl lactate. 

The bottom layer composition consists of components of polymer, crosslinkcr, 
thermal acid generator and surfactant The polymer component consists of a resin 
blend of a phenolic novolac resin and a copolymer containing anthxaccnc methyl 
acrylate, hydroxyl ethyl mcthacrylatc and mediyl metfaacrylate. The crosslinlccr is a 
benzaquanaminc resin (Cymel 1 170) which is present as 15 weight percent of total 
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solids of the bottom layer composition. The thermal acid generator is Nacure 5524 
which was present as 4 weight percent of total solids. The surfactant is which 
was present as 03 weight percent of total solids. 

The compositions are titho^phicaily processed as follows. The bottom layer 
composition Is spin coated onto silicon wafers and cured at 175*C for 60 seconds to 
provide coating layers of 5 1 00 angstrom thickness. The tqj Itxyer composition is then 
spin coated over the bottom layer and soft-baked at 90^0 for 90 seconds, llie applied 
resist layer is then exposed to 248 nm radiation Ihruu^ a photomask, post-exposure 
baked at 90"C for 90 second, and developed with 0.26 N aqueous alkaline solution. 

The foregoing description of the invention is merely iUw>trative thereof; and it 
is understood that variations and modification can be made without departing from the 
spirit or scope of the invention as set forth in Ifao following claims. 



1 Abstract 

The invention includes new Si-containing monomers, polymers containing 
such monomers and photoresists that contain the polymers. Synthetic methods of the 
invention inckktc rcactmg a vinyl eari>ocyc!ic aryl ester compound with a icactivc 
silane compound to provide the monomer. 



2 Representative Drawing 
Nothing 
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